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PREFACE 


There  is  very  general  agreement  as  to  the  main 
topics  which  must  be  treated  in  a text-book  on  psy- 
chology. There  is,  however,  no  accepted  method  of 
approaching  these  topics,  and,  as  a result,  questions 
of  emphasis  and  proportion  are  always  matters  of 
individual  judgment.  It  is,  accordingly,  not  out  of 
place  for  one  to  attempt  in  his  preface  to  anticipate  the 
criticism  of  those  who  take  up  the  book,  by  offering  a 
general  statement  of  the  principles  which  have  guided 
him  in  his  particular  form  of  treatment.  This  book 
aims  to  develop  a functional  view  of  mental  life. 
Indeed,  I am  quite  unable  to  accept  the  conten- 
tions, or  sympathize  with  the  views  of  the  defenders 
of  a structural  or  purely  analytical  psychology.  In 
the  second  place,  I have  aimed  to  adopt  the  genetic 
method  of  treatment.  It  may  be  well  to  remark  that 
the  term  genetic  is  used  here  in  its  broad  sense  to  cover 
all  that  relates  to  general  evolution  or  individual 
development.  In  the  third  place,  I have  attempted 
to  give  to  the  physiological  conditions  of  mental  life 
a more  conspicuous  place  than  has  been  given  by  recent 
writers  of  general  text-books  on  psychology.  In  doing 
this  I have  aimed  to  so  coordinate  the  material  as  to 
escape  the  criticism  of  producing  a loose  mixture  of 
physiology  and  introspective  description.  In  the 
fourth  place,  I have  aimed  to  make  as  clear  as  possible 
the  significance  of  ideation  as  a unique  and  final  stage 
of  evolution.  The  continuity  running  through  the 
evolution  of  the  sensory  and  motor  functions  in  all 
grades  of  animal  life  is  not,  I believe,  the  most  signifi- 
cant fact  for  psychology.  The  clear  recognition  of  this 
continuity  which  the  student  reaches  through  studies 
of  sensation  and  habit,  and  even  perception,  is  the 
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firmest  possible  foundation  on  which  to  base  an  intelli- 
gent estimate  of  the  significance  of  human  ideational 
processes.  The  clear  comprehension  of  the  dominant 
importance  of  ideational  processes  in  man’s  life  is  at 
once  the  chief  outcome  of  our  study  and  the  com- 
plete justification  for  a science  of  psychology,  distinct 
from  all  of  the  other  special  disciplines  which  deal 
with  life  and  its  variations.  The  purpose  of  this  book 
may,  therefore,  be  stated  in  terms  which  mark  as  sharp 
a contrast  as  possible  with  much  that  has  been  said 
and  written  of  late  regarding  the  advantages  of  a 
biological  point  of  view  in  the  study  of  consciousness. 
This  work  is  intended  to  develop  a point  of  view  which 
shall  include  all  that  is  given  in  the  biological  doctrine 
of  adaptation,  while  at  the  same  time  it  passes  beyond 
the  biological  doctrine  to  a more  elaborate  principle 
of  indirect  ideational  adaptation. 

In  the  preparation  of  this  book  I am  under  double 
obligation  to  A.  C.  Armstrong.  * As  my  first  teacher  in 
psychology,  he  has  by  his  broad  sympathies  and  critical 
insight  influenced  all  of  my  work.  Furthermore,  he  has 
given  me  the  benefit  of  his  judgment  in  regard  to  all 
parts  of  this  book  while  it  was  in  preparation.  Two 
others  I may  mention  as  teachers  to  whom  I am  largely 
indebted.  The  direct  influence  of  Wilhelm  Wundt 
will  be  seen  at  many  points  in  this  book.  As  the  leader 
in  the  great  advances  in  modern  psychology,  especially  in 
the  adoption  of  experimental  methods,  and  as  the  most 
systematic  writer  in  this  field,  he  has  left  his  impres- 
sion on  all  who  have  worked  in  the  Leipzig  laboratory 
to  an  extent  which  makes  such  a book  as  this  in  a very 
large  sense  of  the  word  an  expression  of  his  teaching. 
Finally,  I am  indebted  to  William  James.  I have 
received  instruction  from  him  only  through  his  writ- 
ings, but  take  this  opportunity  of  acknowledging  his 
unquestioned  primacy  in  American  ps}^chological 
thought  and  the  influence  of  his  genius  in  turning  the 
attention  of  all  students  to  the  functional  explanations 
of  mental  life  which  it  is  one  of  the  aims  of  this  book 
to  diffuse. 

My  colleagues.  Dr.  R.  P.  Angler  and  Dr.  E.  H. 
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Cameron,  read  the  manuscript  and  gave  me  many 
valuable  suggestions  which  have  been  incorporated 
into  the  text.  Mr.  C.  H.  Smith  assisted  me  in  the 
preparation  of  the  figures. 


New  Haven,  April,  1907. 


C.  H.  J. 
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CHAPTER  I 

INTRODUCTION 

Psychology  is  the  science  of  consciousness.  Any  one 
who  seeks  to  understand  the  various  forms  of  con- 
sciousness which  appear  either  in  his  own  experience 
or  in  the  mental  lives  of  others  is  in  his  degree  a psy- 
chologist. On  the  other  hand,  one  who  does  not  study 
the  conditions  and  nature  of  mental  processes  is  not 
a psychologist,  even  though  he  has  many  conscious 
experiences.  Animals  furnish  an  extreme  illustration 
of  the  latter  type,  for  though  they  see  and  hear,  they 
never  make  a study  of  their  visual  and  auditory  pro- 
cesses. Children  are  also  striking  illustrations,  for 
while  they  become  more  and  more  clearly  conscious 
of  the  things  which  are  about  them,  they  seldom  if 
ever  stop  to  inquire  how  it  is  that  they  are  gaining 
knowledge.  Even  the  experiences  of  adult  life  take 
place  for  the  most  part  without  being  made  subjects 
of  study.  One  reads  a book  or  looks  at  a picture  and 
gains  information  without  asking  himself  how  the 
process  of  knowledge  arises,  or  what  is  the  nature  of 
the  information  which  he  has  acquired. 

The  motives  which  have  led  men  to  make  a scien- 
tific study  of  their  conscious  processes  are  numerous 
and  varied  in  character.  Perhaps  the  most  common 
of  all  these  motives  is  to  be  found  in  the  exceptional 
and  baffling  experiences  which  every  one  has  from 
time  to  time.  One  thinks  he  hears  a voice,  but  finds 
on  examination  that  nobody  spoke.  One  tries  to  grasp 
an  object  which  he  sees,  but  finds  that  for  his  sense  of 
touch  the  thing  is  not  what  it  seems  to  be  for  his 
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sense  of  vision.  Sucli  experiences  as  these  require 
some  explanation,  and  even  the  most  superficial 
observer  is  likely  to  become  interested,  at  least  for 
the  moment,  in  their  scientific  interpretation.  Popular 
psychology  seldom  gets  beyond  this  examination  of 
striking  and  unique  experiences;  con.sequently  the 
notion  has  pined  wide  currency  that  psychology  is 
devoted  entirely  to  the  investigation  of  occult  phe- 
nomena. 

Interest  in  exceptional  experiences  is  hardly  a 
sufficient  motive,  however,  to  lead  to  long-continued 
systematic  study.  It  is  to  be  doubted  whether  p.sy- 
chology  would  ever  have  developed  into  a serious 
science  unless  other  more  fundamental  motives  had 
arisen  to  turn  the  attention  of  men  to  the  examina- 
tion and  explanation  of  their  conscious  proce.s.ses. 
The  more  fundamental  motives  began  to  appear  as  far 
back  as  the  time  of  the  Greeks.  These  early  thinkers 
found  themselves  in  bitter  intellectual  controversies. 
Given  the  same  facts  and  the  same  earnest  effort  to 
use  these  facts  in  the  establishment  of  truth,  the 
Greeks  found  that  two  individuals  were  often  led  to 
opposite  conclusions.  This  made  it  clear  that  the 
processes  by  which  men  arrive  at  conclusions  must 
themselves  be  studied.  To  this  task  the  Greek  philos- 
ophers set  themselves  with  enthusiasm,  though  with 
inadequate  methods,  and  out  of  their  efforts  arose  the 
earliest  schools  of  serious  psychological  investigation. 

Another  fundamental  motive  appeared  in  the  early 
part  of  the  modern  period  as  a direct  outgrowth  of  the 
discovery  that  there  is  a disparity  between  the  facts 
discovered  by  physical  science  and  the  direct  testimony 
of  consciousness.  Thus  Sir  Isaac  Newton  discovered 
that  he  could  break  up  white  light  into  all  the  colors 
of  the  rainbow.  Conscious  experience  of  white  light 
is,  on  the  contrary,  absolutely  simple  and  unanal}’^zable. 
Even  among  the  students  of  physical  science  there 
had  never  been  any  hesitation  up  to  the  time  of  New- 
ton in  assuming  that  external  white  light  is  just  as 
simple  as  human  consciousness  of  whiteness.  The 
ancients  had  a definite  explanation  of  vision  which 
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shows  that  they  explicitly  believed  in  the  simplicity 
of  external  white  light.  Light  was  for  them  a series 
of  particles  emanating  from  the  object  and  entering 
the  eye.  When  they  saw  white,  they  believed  that 
the  experience  was  due  to  white  particles  in  the  eye, 
and  that  these  white  particles  came  from  a white  body. 

All  was  uninterrupted  likeness  from  consciousness  to 
the  physical  object.  Such  an  explanation  of  white 
light  as  that  offered  by  the  ancients  was  rendered  ut- 
terly untenable  by  Newton’s  discovery.  When  further 
investigations  led  physicists  to  define  light  and  other 
forms  of  physical  energy  as  modes  of  vibration,  the 
breach  between  conscious  experience  and  external 
realit}'-  became  so  wide  that  men  felt  compelled  to 
study  conscious  expei'ience  as  well  as  physical  facts. 

It  is  noteworthy  that  the  period  during  which  Newton 
and  his  sujccessors  were  making  their  discoveries  in 
physics  was  a period  of  the  profoundest  interest  in 
psychological  problems. 

As  reenforcements  to  the  impetus  given  to  psy-  Biological 
chological  study  by  discoveries  in  physics,  new  motives  ^le'^study”'^ 
for  such  study  arose  with  the  development  of  physiol-  of  con- 
ogy,  and  especially  with  the  establishment  of  the 
biological  doctrine  of  evolution.  Every  highly  de- 
veloped function  of  an  animal  is  recognized  in  biology 
as  having  its  relation  to  the  struggle  for  existence. 

If  an  animal  can  run  well,  we  find  this  ability  service- 
able in  saving  the  animal  from  enemies,  or  in  helping 
it  to  procure  food.  If  an  animal  has  keen  vision,  we 
find  that  the  animal  depends  on  this  sense  in  the 
essential  activities  of  life.  With  such  facts  clearly 
before  us,  we  cannot  escape  the  question.  What  part 
does  consciousness  play  in  the  economy  of  life?  From 
the  lower  forms  of  animal  life  up  to  the  highest,  we 
find  a steady  increase  in  the  scope  of  intelligence.  In 
the  highe.st  animals  we  find  mental  evolution  carried 
so  far  that  intelligence  is  very  often  of  more  signifi- 
cance than  any  other  single  function  or  even  group  of 
functions.  If  we  turn  from  the  study  of  animal 
evolution  to  the  study  of  man’s  place  in  the  world, 
the  question  of  the  place  of  consciousness  in  evolution 
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takes  on  new  importance.  The  digestive  functions 
of  a man  differ  very  little  from  those  of  the  higher 
unimals;  tlie  muscles  and  bones  and  organs  of  circu- 
lation in  man  are  very  much  like  those  of  his  near 
relatives  in  the  animal  kingdom.  In  matters  of 
intelligence,  on  the  other  hand,  man  has  never  been 
in  any  doubt  of  the  wide  difference  between  himself 
and  even  the  highest  of  the  animals.  Man  lives  in  a 
world  of  ideas  from  which  animals  are  excluded  by 
their  lack  of  intelligence;  he  prepares  for  even  his 
physical  needs  by  foresight  and  by  the  intelligent 
use  of  tools.  Man  has,  in  short,  through  his  conscious 
activities  attained  to  a mode  of  struggle  for  existence 
which  is  unique.  We  cannot  understand  and  explain 
human  life  and  human  institutions  without  studying 
the  facts  and  laws  of  consciousness;  without  raising 
the  question  of  the  relation  of  consciousness  to  all  of 
man’s  other  attributes. 

Psychology  What  has  been  said  of  the  motives  which  have  gradu- 
late  among  ^|jy  development  of  a science  of  psychology 

sciences.  shows  why  the  growth  of  this  science  has  been 
slow.  It  is  a general  fact  that  consciousness  of  one’s 
self  is  a very  late  product  of  mental  development. 
The  race  turned  first,  as  does  the  child,  to  the  outer 
world  and  devoted  its  earliest  attention  to  the  conquest 
of  the  physical  forces  which  surround  it  and  condition 
its  existence.  The  physical  sciences  came  to  maturity 
long  before  the  sciences  of  man.  When  men  thought 
about  themselves  in  the  early  days,  it  was  verj'-  seldom 
that  they  took  anything  like  a scientific  attitude; 
they  thought  rather  of  their  destiny  and  origin  in  broad, 
speculative,  or  even  purely  mythological  terms.  Little 
by  little  as  the  outer  world  yielded  to  scientific  inves- 
tigation, man  began  to  see  in  himself  a subject  for 
study.  At  first  he  took  up  somewhat  hesitatinglv 
his  own  body,  then  he  began  to  realize  that  liis  social 
relations  exhibit  certain  regularities  which  can  be 
formulated  into  the  general  principles  of  economic 
and  social  science.  Finally,  he  was  forced,  as  we  have 
seen,  through  motives  which  grew  up  ver}^  gradually, 
to  examine  his  own  mental  constitution.  Psj'chologj'^ 
is,  accordingly,  one  of  the  latest  of  the  sciences. 
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Wlien  men  first  became  conscious  of  the  psycho- 
logical problem,  that  is,  the  problem  of  explaining 
their  own  mental  lives,  they  were  very  much  im- 
pressed by  the  fact  that  the  method  of  observing 
conscious  processes  is  different  from  the  method  of 
observing  the  facts  of  the  physical  world.  Every 
one  is  shut  up  so  far  as  his  direct  observation  of  con- 
scious experiences  is  concerned  to  his  own  mental 
life.  The  earlier  psychologists  emphasized  this  fact 
and  insisted  that  the  only  true  method  of  psycho- 
logical observation  is  the  method  of  self-observation, 
or  introspection  as  it  is  called.  Thus,  when  one  has 
an  emotion,  others  may  see  its  external  expressions, 
but  only  the  man  himself  can  observe  the  conscious 
state  which  constitutes  the  emotion.  In  observing 
this  conscious  state,  he  introspects.  It  is  very  clear 
that  the  early  psychologists  were  right  when  they 
pointed  out  the  unique  importance  of  introspection. 
It  has  come  to  be  equally  clear,  however,  that  the 
early  psychologists  imposed  an  unwarranted  limita- 
tion upon  their  science  when  they  contended  that 
introspection  is  the  only  possible  method  of  collect- 
ing psychological  facts.  The  most  notable  progress 
in  the  psychology  of  the  last  few  decades  has  been 
the  elaboration  of  the  methods  of  the  science.  It 
cannot  be  asserted  that  introspection  has  been  super- 
seded, but  it  can  be  said  that  it  has  been  very  greatly 
elaborated  by  the  development  of  additional  methods 
and  by  the  comparison  of  the  results  of  introspection 
with  a large  body  of  considerations  which  could  never 
have  come  into  psychology  so  long  as  it  was  held  that 
introspection  is  the  only  method  of  gathering  psy- 
chological facts. 

One  of  the  first  and  most  important  among  the 
elaborations  of  psychological  method  consisted  in 
the  development  of  experimentation  in  dealing  with 
the  facts  of  conscious  life.  In  the  early  period  of 
psychology,  men  observed  their  conscious  processes 
only  as  these  proces.ses  chanced  to  arise  in  the  ordinary 
course  of  life.  It  was  a new  departure  when,  about 
the  middle  of  the  last  century,  psychologists  deliber- 
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ately  set  about  producing  certain  experiences  under 
well-defined  conditions  with  a view  to  making  their 
observations  more  systematic  and  complete.  Of  the 
advantages  of  such  deliberate  observation,  there  can 
be  no  question.  Take  a simple  example.  If  an  ob- 
server finds  himself  turning  away  from  a group  of 
objects,  he  may  realize  that  he  has  chanced  upon  an 
opportunity  of  asking  himself  how  fully  he  remembers 
the  group.  Later,  he  may  repeat  the  question  and 
note  how  much  he  has  forgotten  in  the  interval.  He 
will  hardly  fail  to  find  out  by  this  sort  of  self-ob.serva- 
tion  much  that  will  help  him  in  describing  his  pro- 
cesses of  memory.  Suppose,  however,  that  he  wishes 
to  find  out  with  definiteness  the  law  which  memorj’- 
exhibits  in  its  decay,  or  suppose  that  he  wishes  some 
final  decision  as  to  the  best  way  of  examining  groups 
of  objects  in  order  that  he  may  carry  away  a com- 
plete and  permanent  memory  of  them.  He  will  find  it 
advantageous  for  this  more  complete  study  to  arrange 
the  objects  with  a definite  view  to  the  questions 
which  he  wishes  to  answer.  He  will  observe  the 
objects  during  a fixed  period,  and  after  a known  in- 
terval will  submit  his  memory  to  a definite  test. 
This  illustration  is  sufficient  to  show  that  there  are 
advantages  in  the  definite  arrangement  of  the  con- 
ditions of  observations,  which  is  the  first  step  in  experi- 
mentation. If,  now,  the  psychologist  adds  certain  aids 
in  the  way  of  apparatus  which  wdll  make  it  easy  to 
record  the  time  intervals  and  to  present  the  matter 
to  be  memorized  in  absolutely  uniform  fashion,  it 
will  be  recognized  at  once  that  the  more  fully  developed 
and  precise  method  of  investigation  leads  to  a degree 
of  accuracy  in  ascertaining  the  facts,  which  is  other- 
wise quite  impossible.  The  experimental  method  also 
makes  it  possible  for  observers  remote  from  one  another 
to  collect  their  observations  under  the  same  condi- 
tions, so  that  they  can  compare  their  results  and  gen- 
eralize the  information  which  they  have  gathered. 

There  has  been  much  discussion  as  to  the  exact 
place  of  experiment  in  psychologjq  some  holding  that 
it  is  the  only  true  scientific  method,  others  holding 
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that  it  is  very  limited  in  its  application.  Those  who 
are  most  devoted  to  experimental  methods  have 
sometimes  gone  so  far  as  to  assert  that  experimental 
psychology  is  a separate  discipline.  Those  who  criti- 
cise the  method  point  out  that  the  profounder  emotions, 
such  as  intense  sorrow,  and  the  higher  forms  of  ab- 
stract thought,  such  as  are  involved  in  a scientific 
discovery,  cannot  be  produced  and  modified  at  will. 
Both  extreme  positions  are  to  be  avoided.  Carefully 
prearranged  observation  under  controlled  conditions, 
wdierever  this  is  possible,  is  the  true  ideal  of  scientific 
psychology.  Where  experiment  is  not  possible,  other 
forms  of  observation  must  and  should  be  employed. 

With  the  introduction  of  experimental  methods 
has  come  a second  notable  enlargement  of  the  scope 
of  psychology.  Psychology  no  longer  devotes  itself 
merely  to  direct  introspective  observations;  a variety 
of  related  indirect  observations  are  freely  utilized  in 
the  explanation  of  mental  life.  The  indirect  methods 
of  collecting  information  regarding  conscious  processes 
have  certain  advantages  over  introspection,  because 
introspection  disturbs,  to  some  extent,  the  mental 
process  which  is  being  examined.  Furthermore,  many 
of  the  forms  of  conscious  experience  and  all  of  the 
conditions  of  experience  are  beyond  the  range  of 
introspection.  Thus  the  mental  processes  of  abnormal 
and  undeveloped  individuals  cannot  be  contributed 
through  introspection  to  the  science  of  psychology, 
and  yet  the  facts  of  abnormal  and  immature  mental 
activity  have  been  productively  utilized  in  recent 
investigations  as  material  on  which  to  base  scientific 
generalizations.  Furthermore,  the  facts  of  nervous 
activity  which  are  from  their  nature  inaccessible 
through  introspection  have  been  drawn  into  psy- 
chology, and  nothing  has  done  more  to  broaden  our 
understanding  of  the  meaning  and  value  of  con- 
sciousness. Human  consciousness  is  so  obviously 
related  to  the  processes  in  the  organs  of  sense  and 
in  the  central  nervous  system,  that  it  requires  little 
or  no  argument  to  convince  even  the  plain  man  that 
a study  of  the  senses  and  of  the  brain  contributes  to 
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the  explanation  of  conscious  experiences.  If  we  add 
to  this  general  statement  regarding  the  relation  of 
bodily  processes  to  human  experience,  the  further 
statement  which  will  be  fully  supported  in  our  later 
discussions,  that  all  through  the  animal  kingdom  there 
is  an  evident  parallelism  between  the  complexity  of  the 
nervous  system  of  any  given  species  of  animals  and 
the  degree  of  intelligence  exhibited  by  that  species, 
we  have'  ample  justification  for  introducing  into 
psychology  a discussion  of  the  nervous  system  and 
its  development. 

Another  type  of  indirect  or  non-introspective  in- 
vestigation which  has  of  late  been  cultivated  with 
very  great  advantage  to  psychology  deals  with  the 
forms  of  human  and  animal  behavior.  Here,  as  in 
the  examination  of  the  nervous  activities,  it  is  possible 
to  discover  certain  stages  of  development  and  to 
relate  these  to  the  well-recognized  general  fact  that 
there  are  progressive  stages  of  intelligence  in  the 
animal  kingdom. 

If  these  and  other  modes  of  indirect  study  of  mental 
life  are  judiciously  added  to  introspective  observa- 
tions of  one’s  own  conscious  processes,  psychology 
loses  nothing  of  its  directness,  and  it  gains  much  in 
breadth. 

A further  advantage  which  is  secured  by  recog- 
nizing that  introspection  is  not  the  only  possible 
method  of  collecting  psychological  facts,  is  that  the 
combination  of  indirect  and  direct  examination  throws 
the  experiences  most  directly  open  to  introspection 
into  a truer  perspective.  The  student  who  depends 
solely  on  introspection  will  give  the  largest  share  of 
his  attention  to  that  which  is  in  the  foreground, 
usually  to  some  complex  mental  process  which  passes 
slowly  across  the  stage  of  consciousness.  He  will 
often  give  undue  weight  to  some  single  experience 
because  it  is  so  clear,  adopting  this  clear  experience  as 
typical,  and  depending  upon  it  for  the  explanation 
of  many  of  the  less  obvious  facts  of  mental  life. 
For  example,  when  one  hears  a word  and  stops  to 
consider  deliberately  the  conscious  process  by  which 
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he  interprets  the  word,  he  is  very  likely  to  experience 
a series  of  memory  images  which  follow  upon  the 
word  and  give  it  meaning.  Thus,  let  the  reader  ask 
himself  what  he  thinks  of  when  he  sees  the  word 
“house.”  The  more  carefully  he  searches  in  his 
consciousness,  the  more  he  becomes  aware  of  trains 
of  memory  images.  Many  psychologists  having  made 
this  introspective  observation  set  it  down  as  a general 
fact  of  all  mental  life  that  the  process  of  recognition 
always  consists  in  the  revival  of  trains  of  memory 
images.  If  the  skeptical  observer  ventures  to  say 
that  he  does  not  find  in  his  ordinary  recognition  of 
words  such  attendant  trains  of  memory  images,  he 
is  reproved  for  incomplete  introspection.  When  we 
come  to  the  problem  of  recognition  of  words  in  our 
later  discussions,  this  question  will  be  taken  up  in 
detail,  and  it  will  be  shown  that  what  is  needed  is  not 
a formula  borrowed  from  the  more  elaborate,  easily 
introspected  case,  in  which  recognition  is  slow  and 
long  drawn  out.  What  is  needed  is  a formula  derived 
from  the  general  study  of  mental  development  as 
conditioned  by  nervous  structures  and  by  the  relation 
of  impression  to  expression.  Without  attempting 
to  anticipate  fully  the  later  treatment  of  the  matter, 
enough  has  been  said  to  serve  the  ends  of  the  present 
discussion.  Introspections  made  on  elaborate  mental 
processes  should  not  be  applied  to  simple  and  less 
easily  introspected  processes  without  the  greatest 
caution.  The  fallacy  of  excessive  devotion  to  formu- 
las derived  through  introspection  has  been  one  of 
the  stumbling-blocks  in  the  way  of  psychological 
science.  Introspective  observations  should  constantly 
be  checked  and  corrected  by  other  introspections 
and  also  by  external  evidences  which  throw  indirect 
light  on  the  nature  of  mental  organization.  If  this  is 
done  such  conscious  processes  as  recognition  will  not 
be  defined  as  made  up  of  trains  of  images. 

There  is  another  danger  closely  related  to  that 
which  has  just  been  described.  The  student  of  mental 
life  may  become  so  absorbed  in  the  observation  and 
de.scription  of  his  mental  processes  that  he  will  over- 
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look  the  fact  tliat  olhservation  is  merely  the  beginning 
of  science.  We  cannot  arrive  at  scientific  generaliza- 
tions without  supplementing  any  single  observation, 
however  carefully  that  observation  is  made,  by  com- 
parison and  interpretation.  To  enforce  this  state- 
ment, attention  may  first  be  called  to  certain  analogies 
from  physical  science,  and  second  to  an  illustration 
from  human  experience  which  shows  that  observation 
must  be  supplemented  by  interpretation  in  order  to 
reveal  the  true  character  of  the  phenomena.  The 
analogies  which  show  the  limitations  of  physical 
observation  are  as  follows:  We  ob.serve  that  the 
surface  of  the  earth  about  us  is  apparently  flat.  We 
observe,  also,  a variety  of  other  facts  which  are  incom- 
patible with  the  notion  that  the  earth  is  flat.  We 
note  all  these  observations  and  compare  them,  and 
finally  accept  as  our  general  scientific  conclusion  the 
statement  that  the  earth  is  spherical,  and  not  flat,  as 
it  seems  to  ordinary  ob.servation.  Again,  we  do  not 
hesitate  to  accept  the  dictum  of  science  that  the  earth 
is  moving  at  a tremendous  rate,  although  we  do  not 
observe  the  movement  directly.  These  illustrations 
go  to  show  that  scientific  conclusions  are  broader  in 
scope  than  single  observations,  and  frequently  so  dif- 
ferent from  the  single  observations  as  to  constitute 
essentially  new  facts. 

When  we  leave  physical  science  where  we  have 
learned  easily  to  accept  the  results  of  inference,  and 
turn  to  psychology,  we  do  well  to  remember  that  earlier 
generations  less  trained  in  the  methods  of  science 
found  it  difficult,  indeed  quite  impossible,  to  substi- 
tute inferences  about  the  shape  and  motion  of  the 
earth  for  the  facts  of  sense  experience.  We  should 
therefore  be  prepared  by  the  consideration  of  these 
analogies  to  recognize  the  necessity  of  comparison 
and  interpretation  in  our  psychology  and  to  overcome 
our  own  hesitation  in  accepting  psychological  infer- 
ences as  substitutes  for  introspective  observations. 

A simple  mental  experience  which  offers  an  excel- 
lent opportunity  for  the  application  of  the  principle 
of  inference  is  as  follows:  Let  an  observer  close  one 
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eye  and  look  witli  the  open  eye  at  the  printed  page 
before  him.  He  will  undoubtedly  observe  what 
seems  to  be  an  uninterrupted  series  of  impressions 
coming  to  him  from  all  parts  of  the  page.  This  is, 
however,  quite  as  incomplete  a description  of  the 
facts  as  is  the  description  of  the  earth’s  surface  based 
upon  direct  observation.  To  demonstrate  this,  let 
the  observer  close  or  cover  the  left  eye  and  look  stead- 
ily with  the  right  eye  at  the  small  cross  in  Fig.  1. 

X 


Fig.  1.  For  demonstration  of  the  blind  spot.  (See  text.) 

Now  let  him  move  the  book  backward  and  forward 
from  seven  to  eight  inches  in  front  of  his  face  until 
the  black  circle  disappears.  He  will  thus  discover 
that  a certain  part  of  the  page  is  not  yielding  an  un- 
interrupted series  of  impressions.  Indeed,  what  he 
seems  to  see  in  this  part  of  the  field  of  vision  is  not  a 
direct  impression  at  all ; it  is  some  kind  of  substitute 
for  direct  impression,  and  is  different  in  character 
from  that  which  his  first  observation  of  the  field  of 
vision  suggested.  The  explanation  of  all  the  facts 
here  involved  cannot  be  obtained  through  intro- 
spective observation,  and  clearly  when  the  final 
explanation  is  given,  it  must  deny  the  simple  statement 
which  the  observer  would  naturally  make  on  the  basis 
of  his  first  glance  at  the  page.  This  illustration 
should  prepare  the  student  to  find  in  the  science  of 
p.sychology  many  statements  about  the  nature  of 
his  conscious  processes,  which  he  cannot  expect  to 
verify  by  a simple  process  of  observation.  Observa- 
tion is  indispen.sable,  but  the  scientific  understand- 
ing of  consciousness  requires  an  elaborate  interpreta- 
tion of  all  the  facts  which  can  be  obtained. 

A few  remarks  concerning  the  scope  of  psychology 
may  be  added  to  the  discu.ssion  of  motives  and  methods 
presented  in  the  foregoing  paragraphs.  The  field  of 
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psychological  study  is  as  wide  as  the  scope  of  con- 
sciousness. Indeed,  in  so  far  as  psychology  finds 
it  necessary  to  study  the  conditions  of  consciousness, 
the  scope  of  this  science  reaches  beyond  the  boundaries 
of  conscious  life  itself  and  includes,  as  lias  been  in- 
dicated in  an  earlier  paragraph,  all  the  physiological 
and  physical  facts  which  contribute  in  any  way  to 
the  experience  of  any  conscious  being.  So  wide  a 
discipline  naturally  divides  into  a number  of  special 
branches.  There  is  a psychology  of  animal  con- 
sciousness. There  is  a psychology  of  the  child’s 
consciousness,  especially  cultivated  by  tho.se  who 
wish  to  ascertain  the  laws  of  mental  development 
which  underlie  education.  There  is  a p.sychology 
of  abnormal  human  minds  known  by  the  special 
name  of  psychiatry.  There  is  a psychology  of  the 
products  of  human  minds  when  they  act  in  social 
groups  as  in  the  development  of  language,  customs, 
and  institutions.  This  is  called  social  psychology  or 
folk  psychology.  Certain  other  lines  of  subdivision 
are  sometimes  drawn.  Thus,  experimental  psychol- 
ogy has  sometimes  been  marked  off  from  other  forms 
of  investigation.  Physiological  psj^cholog}'’  has  also 
been  treated  as  a separate  science.  Finally,  it  is  not 
uncommon  to  meet  such  titles  as  the  psychology  of 
art,  or  of  literature;  the  psychology  of  religion,  of 
the  crowd;  and  so  on  through  a long  list  of  highly 
differentiated  specialties. 

Some  confusion  has  resulted  because  of  the  tendency 
of  psychology  to  break  up  into  so  many  minor  disci- 
plines. The  confusion  disappears,  however,  as  soon 
as  one  recognizes  that,  in  methods  and  subject-matter,  all 
the  special  psychologies  are  merely  parts  of  the  gen- 
eral science.  The  explanation  of  the  subdivisions 
is  partly  historical.  As  new  interests  or  new  methods 
have  asserted  themselves,  the  traditions  of  the  earlier 
stage  of  psychology  have  often  resisted  the  innova- 
tion to  such  a degree  that  a new  discipline  was  for 
a time  necessary  to  accomplish  the  development  of 
the  science.  In  addition  to  these  historical  reasons, 
the  breadth  of  human  interests  in  the  stud}'  of  experi- 
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enoe  is  so  great  that  the  mastery  of  any  single  phase 
of  mental  life  involves  a concentration  somewhat 
more  pronounced  than  that  which  is  required  in  many 
sections  of  the  physical  sciences. 

The  special  departments  of  psychology  cannot  all 
be  fully  treated  in  a general  course,  such  as  that  which 
is  to  be  given  in  the  following  chaj)ters.  Much  can 
be  touched  upon  only  by  way  of  illustration.  The 
general  treatment  must  confine  itself  to  the  establish- 
ment of  broad  principles  applicable  in  greater  or  less 
degree  to  all  of  the  special  fields.  With  this  neces- 
sity of  general  exposition  in  mind,  the  statement 
with  which  this  introductory  chapter  began  may  be 
amplified  as  follows.  The  legitimate  function  of  a 
course  in  general  psychology  is  to  consider  the  typi- 
cal processes  of  mental  life  with  reference  to  their 
internal  constitution  and  also  with  reference  to 
their  external  conditions;  to  examine  these  processes 
with  the  aid  of  experiments  and  observations  from 
both  the  introspective  and  impersonal  points  of  view; 
and,  finally,  to  relate  consciousness  to  the  other 
phases  of  life  and  to  external  reality  in  such  a way  as 
to  furnish  the  basis  for  an  adequate  understanding, 
not  only  of  individual  consciousness,  but  also  of  the 
experience  of  all  conscious  beings. 

In  this  statement  and  throughout  the  chapter,  the 
terms  consciousness,  mental  life,  and  experience 
liave  been  used  without  any  effort  to  define  them. 
Complete  critical  definitions  of  these  terms  presuppose 
a knowledge  of  the  results  of  psychological  study, 
for  it  is  the  function  of  psychology  to  ascertain  the 
characteristics  of  consciousness.  In  the  meantime, 
there  is  no  danger  of  confusion  in  the  preliminary 
use  of  the  terms.  Consciousness  is  what  each  one  of 
us  has  when  he  sees  and  hears,  when  he  feels  pleasure 
or  sorrow,  when  he  imagines  or  reasons,  or  decides 
to  pursue  a line  of  action.  Experience  is  a general 
word  which  may  conveniently  be  used  to  cover  the  same 
group  of  facts.  Stones  do  not  experience  impressions 
or  emotions.  Man,  on  the  other  hand,  lives  in  a world 
of  experiences.  His  inner  life  is  not  made  up  of 
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olijects,  but  of  experiences  of  objects.  Whenever  we 
tlhnk,  or  remember,  or  try  to  understand  an  object 
presented  to  the  senses,  we  have  an  experience.  As 
pointed  out  in  the  discussion  of  introspection,  con- 
scious processes  may  be  distinguished  from  other  facts 
by  the  possibility  of  self-observation  or  introspection, 
by  which  method  alone  these  conscious  facts  can  be 
directly  observed.  Facts  of  external  reality  are  open 
to  general  observation  by  many  different  individuals; 
conscious  experiences  are  purely  personal,  open  to 
introspective  observation  only.  We  sometimes  express 
the  contrast  between  the  facts  of  conscious  experience 
and  the  facts  of  external  reality  by  the  use  of  the 
terms  subjective  and  objective.  Whatever  belongs 
exclusively  to  the  world  of  experience  is  called  sub- 
jective. Thus,  ideas  and  feelings  are  subjective. 
The  facts  with  which  physics  and  chemistr}'^  deal 
are  not  exclusively  subjective;  they  have  objective, 
external  characteristics.  Indeed,  physics  and  chem- 
istry are  interested  in  facts  only  in  so  far  as  they 
are  objective.  For  these  natural  sciences  the  sub- 
jective ideas  of  the  individual  physicist  or  chemist 
are  merely  the  means  to  an  end,  which  end  is  the 
intelligent  comprehension  of  the  objective  world. 
The  same  antithesis  which  is  expressed  by  the  terms 
subjective  and  objective  is  expressed  by  the  terms 
psychical  facts  and  physical  facts.  The  former  are 
the  directly  known  conscious  processes,  the  latter 
are  the  facts  of  the  external  world  as  known  through 
the  senses  and  as  studied  in  the  objective  sciences. 
These  remarks  on  the  various  terms  which  are  used 
in  defining  the  sphere  of  psychology  serve  to  indicate, 
in  a sufficiently  unambiguous  way,  the  direction  in 
which  our  studies  must  turn. 


CHAPTER  II 


THE  EVOLUTION  OF  THE  NERVOUS  SYSTEM 

The  discussion  of  methods  presented  in  the  last 
chapter  furnishes  ample  justification  for  beginning 
the  study  of  psychology  with  an  examination  of  the 
external  conditions  and  accompaniments  of  con- 
sciousness. The  most  important  condition  of  con- 
sciousness is  to  be  found  in  the  proper  functioning  of 
the  nervous  system.  The  person  who  faints  and 
loses  consciousness  because  the  blood  supply  to  the 
brain  is  cut  off,  gives  a striking  illustration  of  the 
intimate  relation  between  the  action  of  the  nervous 
system  and  consciousness.  Other  examples  of  this 
relation  can  easily  be  supplied  from  ordinary  experi- 
ence. A blow  on  the  head,  excessive  physical  fatigue, 
and  a great  variety  of  less  extraordinary  conditions 
in  the  nervous  system,  affect  conscious  experience 
in  unmistakable  fashion.  Such  facts  as  these  point 
to  the  nervous  system  as  one  of  the  first  objective 
conditions  of  consciousness  which  should  be  studied 
in  psychology. 

If  we  descend  the  scale  of  animal  life  to  the  lowest 
forms,  we  find  that  they  have  no  nervous  system. 
Indeed,  they  have  no  organs  of  any  kind.  The  whole 
body  consists  of  a single  cell  made  up  of  a nucleus 
and  a surrounding  microscopic  mass  of  protoplasm. 
Such  a unicellular  animal  is  capable  of  moving  about 
by  contracting  its  tissue;  it  is  capable  of  reproducing 
itself  by  cell  division;  it  is  capable  of  digesting  food 
and  throwing  out  waste  matter;  and,  finally,  it  is 
irritable  when  acted  upon  by  external  forces.  When 
one  examines  life  reduced  to  such  low  terms,  he 
realizes  more  fully  than  he  is  likely  to  realize  when 
examining  higher  forms,  how  thoroughly  interde- 

15 


Objective 

method 

applied. 


Functions 
of  unicellu- 
lar ani- 
mals. 


The  sim- 
plicity of 
the  move- 
ment func- 
tion in  uni- 
cellular 
animals. 


JG  P.SYCIIOL()(JY 

pendent  lire  all  the  phases  of  an  animal’s  life.  Con- 
sider how  impossible  life  would  be  without  the  new 
supply  of  energy  which  comes  through  digestion; 
how  limited  in  scope  life  would  be  without  move- 
ment to  bring  the  animal  to  new  sources  of  food  and 
carry  it  out  of  danger,  or  without  cell  division  to  in- 
crease the  number  of  members  in  the  species;  and  how 
utterly  out  of  contact  with  the  rest  of  the  world  the  in- 
dividual would  be  without  irritability.  The  fact  that 
all  these  functions  appear  in  the  simplest  unicellular 
forms  shows  how  fundamental  they  are. 

If  any  one  of  these  functions  of  a unicellular  animal 
is  examined  closely,  it  will  be  found  that  it  is  very 
simple.  Take,  for  example,  the  function  of  movement. 
The  unicellular  animal  represented  in  Fig.  2 has  three 
forms  of  movement.  It  swims  forward,  taking  up 
food  particles  on  its  way,  or  it  moves  backward  and 
then  turns  in  an  aboral  direction,  when  stimulated  by 
some  violent  stimulus,  such  as  excessive  heat  or  an  acid 
in  the  water.  If  it  is  forced  by  its  environment  to 
execute  the  backward  or  aboral  movements  which  are 
relatively  unusual,  it  begins  as  soon  as  the  short  move- 
ments are  over  to  swim  forward,  as  at  first.  A life 
made  up  of  swimming  forward  or  moving  rapidly  back- 
ward out  of  the  way  of  some  strong  stimulus  is  very 
meager  in  its  possibilities,  as  will  be  realized  when  such 
a life  is  compared  with  the  life  of  one  of  the  higher 
animals,  in  which  manifold  movements  are  provided  for 
in  the  highly  developed  and  complex  organs  of  locomo- 
tion. Between  the  function  of  movement  as  exhibited' 
in  this  simplest  form  and  the  same  function  as  ex- 
hibited in  the  highest  animals,  there  is  a long  course 
of  development,  but  this  development  consists  solely 
in  differentiation  of  movements,  in  refinement  of  ad- 
justment and  organization,  not  in  the  production  of  a 
wholly  new  fact  of  life.  Indeed,  we  understand  move- 
ment better  when  we  learn  by  the  study  of  the  unicel- 
lular forms  that  there  are  two  fundamental  types  of 
movement,  — one  forward  in  the  search  for  food,  and 
the  other  backward  for  protection.  Even  in  the  high- 
est animals  these  fundamental  movements  reappear  as 
typical  forms. 
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Like  movement,  irri- 
tability is  at  this  stage 
of  animal  life  very  little 
differentiated.  There 
are  no  special  organs 
for  the  reception  of 
sound  or  light  or  any 
other  form  of  energy. 

All  forms  of  energy 
acting  upon  the  same 
simple  body  structure 
must  produce  effects  of 
a character  much  more 
nearly  uniform  in 
quality  than  are  the 
effects  of  the  same 
forms  of  energy  on  an 
animal  supplied  with 
separate  and  highly  Fig.  2.  Figure  and  explanation  from 
developed  organs  of 
sense.  If  one  tries  to 
imagine  what  the 
effects  of  irritation  are 
like  in  such  an  animal, 
he  must  resort  to 
certain  analogies  and 
consider  his  own  ex- 
periences of  pressure 
which  are  relatively 
undifferentiated,  or 
better  the  sensations 
from  the  viscera  which 
have  very  little  specific 
character  to  distinguish 
them  from  one  an- 
other. These  analogies 
give  some  rough  gen- 
eral notion  of  the 
character  of  primitive 
undifferentiated  irrita- 
bility. In  spite  of  its 


Jennings.  The  figure  represents 
one  end  of  a slide  which  is  heated 
from  above.  A unicellular  or- 
ganism, Oxytricha,  in  the  position 
1 is  reached  by  the  heat  coming 
from  the  upper  part  of  the  slide. 
The  animal  reacts  by  turning  to 
the  right  and  backing  {1,  2,  3), 
turning  again  {3-4),  swimming 
forward  {4~5),  backing  {5-6), 
turning  again  to  the  right  {6—7), 
etc.,  till  it  comes  against  the 
wall  of  the  trough  (S).  It  then 
reacts  as  before,  by  backing 
{8-9),  turning  to  the  right  {9-10). 
This  type  of  reaction  continues 
as  long  as  the  Oxytricha  is  in  the 
heated  region,  or  as  long  as  its 
movements  carry  it  either  against 
the  wall  or  into  the  heated  region. 
When  it  finally  becomes  directed 
away  from  the  heated  region 
{13),  as  it  must  in  time  if  it 
continues  its  reactions,  it  swims 
forward,  and  since  it  is  no 
longer  stimulated,  it  no  longer 
reacts. 
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lack  of  differentiation,  irritability,  even  in  its  lowest 
stages,  serves  to  keep  the  animal  adjusted  to  its  en- 
vironment. Let  light  fall  upon  the  water  in  which 
a number  of  the  simple.st  animal  organisms  are  swim- 
ming and  some  species  will  collect  in  the  darkness, 
others  in  the  light,  in  such  numbers  as  to  indicate 
clearly  in  either  case  that  they  are  affected  by  the 
light.  Again,  pres.sure  due  to  contact  with  external 
objects,  and  vibrations  of  the  water,  are  effective  in 
producing  more  or  less  inten.se  movements  in  animals 
of  all  grades  of  development.  Irritability  is,  as  con- 
trasted with  the  other  functions  of  the  unicellular  ani- 
mal, the  guiding  function.  Furthermore,  it  is  related 
from  the  very  first  to  contractility  or  the  ability 
to  move.  The  ability  to  receive  impre.ssions  and 
the  ability  to  respond  to  impres.sions  by  movement 
have  here,  and  all  through  the  animal  kingdom, 
a parallel  development.  Of  what  value  would  it  be 
to  a unicellular  organism  to  have  elaborate  functions 
of  movement,  while  its  ability  to  receive  impressions 
is  not  sufficiently  developed  to  guide  it  in  intricate 
forms  of  behavior?  Of  what  value  would  highly 
differentiated  sensory  functions  be  with  an  extremely 
limited  range  of  responses  ? 

The  study  of  unicellular  organisms  leaves  us,  then, 
with  four  important  general  facts  on  which  to  base  our 
study.  Irritability  is  a fundamental  function  of  even 
the  lowest  forms  of  protoplasm ; it  is  at  first  undiffer- 
entiated; it  is  a function  of  the  greatest  importance 
in  guiding  the  animal  in  its  .responses  to  its  en\’iron- 
ment;  and,  finally,  it  is  from  the  first  intimately  re- 
lated to  the  function  of  movement. 

Turning  now  from  the  unicellular  animal  to  a form 
somewhat  higher  in  the  scale,  we  find  that  structurally 
the  more  highly  developed  animals  are  characterized 
by  the  fact  that  their  bodies,  instead  of  consisting  of  a 
single  cell,  consist  of  an  aggregation  of  cells;  this 
we  express  by  the  statement  that  they  are  multi- 
cellular organisms.  Figure  3 represents  a section  of 
a simple  multicellular  animal  which  lives  in  fresh 
water  and  is  known  as  a hydra.  The  animal  is  sack- 
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shaped,  with  a mouth  opening  and  tentacles  at  its 
upper  end.  The  figure  shows  the  walls  of  the  sack- 
shaped body  much  magnified.  The  inner  lining  of 
this  wall  is  made  up  of  a 
layer  of  cells  which  are 
specialized  to  perform  the 
function  of  digestion.  The 
outer  wall  is  specialized  in 
certain  of  its  cells  for  the 
reception  and  transmission 
of  stimulations,  and  in  other 
cells  for  the  performance  of 
movements.  The  processes 
of  reproduction  are  provided 
for  at  special  points  in  the 
body  wall  as  indicated  at 
R,  R,  R,  R,  in  the  figure. 

Between  the  inner  and 
outer  layers  there  is  an  in- 
termediate layer  of  tissue, 
in  which  cells  sometimes 

appear  from  one  of  the  Fig- 3.  The  hydra.  The  figure 
primary  layers.  The  inter- 
mediate la}^er  is  not  suffici- 
ently developed  to  constitute 
a separate  series  of  organs. 

This  multiplication  of  cells 
and  specialization  of  func- 
tions is  a process  which  has 
advantages  familiar  to  -any 
one  who  has  observed  the 
analogous  fact  of  division 
of  labor  in  social  organiza- 
tions. The  cells  of  the 
body  set  apart  for  special 
purposes  do  not  lo.se  the 
general  characteristics  which  belong  to  all  living 
protoplasmic  cells.  For  example,  all  the  cells  of 
the  body  absorb  the  necessary  nutrition  to  support 
their  individual  lives,  but  the  cells  outside  of  the 
digestive  layer  do  not  take  their  nutrition  from  the 


shows  a section  through 
the  body  and  exhibits  the 
two  cellular  layers  with 
a neutral  layer  between. 
The  general  body  cavity, 
G,  is  lined  by  cells  which 
are  devoted  entirely  to  the 
special  function  of  diges- 
tion (the  mouth  opening  is 
at  M).  R,  R,  R,  R are  the 
reproduction  cells.  The 
outer  wall  of  the  body  is 
made  up  of  muscle  cells 
and  specialized  sensitive 
cells.  T,  T,  T , are  the  ten- 
tacles. Adapted  from 
Haller. 
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extcrmil  world;  they  derive  it  from  the  dige.stive  cells 
which  alone  perforin  the  special  function  of  digest- 
ing foreign  particles.  .So,  ahso,  with  the  function  of 
irritability.  This  is  not  lost  by  the  specialized  con- 
tractile cells  and  digestive  cells;  it  is  merely  reduced 
in  these  cells  to  a very  low  point  and  is  very  highly 
developed  in  the  specialized  sensitive  or  irritable 
cells,  so  that  the  movement  cells  or  muscle  cells  and 
all  other  parts  of  the  body  come  ultimately  to  receive 
their  impressions  from  the  outer  world,  not  directly, 
but  through  the  neural  or  sensory  cells.  The  neural 
cells  thus  specialized  to  receive  impressions  are  placed 
in  the  outer  body  wall,  where  they  are  in  the  mo.st 
favorable  position  to  be  acted  upon  by  external  forces, 
or  stimuli  as  forms  of  energy  which  affect  the  nervoias 
system  are  technically  called.  The  specialized  ner\’e 
cells  develop  a more  complex  chemical  structure  than 
the  other  cells  of  the  body,  so  that  they  are  more 
easily  set  in  action  by  external  forces.  They  are, 
accordingly,  highly  important,  but  by  no  means  inde- 
pendent factors  in  the  organic  economy.  They  are 
developed,  not  for  some  remote  and  separate  life  of 
mere  irritability  or  sensitivity,  but  as  essential  parts 
of  the  developing  organism,  in  which  they  control  and 
direct  all  the  animal’s  activities  so  as  to  adapt  the 
animal  to  the  world  in  which  it  lives. 

Even  in  the  simple  organism  under  consideration, 
the  process  of  specialization  has  advanced  so  far 
■that  there  begin  to  appear  various  classes  of  neural 
cells,  each  serving  a special  function.  Certain  of 
these  cells  serve  the  direct  function  of  receiving  im- 
pressions from  the  outer  world,  and  are  known  as 
sensory  cells,  while  others  serve  the  function  of  trans- 
mitting the  impulse  to  the  muscle  cells.  Figure  4 
shows  how  the  two  groups  of  irritable  cells  are  related 
to  each  other  and  to  the  muscle  cell. 

The  process  which  goes  on  in  the  neural  cells  mav 
be  described  as  follows : Some  form  of  external 
energy  acts  upon  the  cell.  The  external  energy  as 
noted  above  is  called  a stimulus.  This  sets  up  a 
chemical  process  in  the  cell  winch  is  known  as  a pro- 
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cess  of  excitation  or  a stimulation.  The  process  of 
excitation  liberates  energy  which  was  stored  up  in 
the  cell.  This  liberated  energy  is  transmitted  to 
other  cells  in  the  body,  either  to  the  secondary  trans- 
mitting neural  cells  or  to  the  active  contractile  cells. 
This  current  of  nervous  enei-gy  has  been  compared 
to  an  electric  current.  It  is,  however,  much  slower 
than  an  electric  current,  its  rate  of  transmission 
being  in  the  higher  animals 
about  one  hundred  meters 
per  second  or  less.  We  do 
not  know  its  exact  character, 
but  probably  it  is  more  like 
the  succession  of  combustions 
which  takes  place  along  the 
line  of  a fuse  of  gunpowder. 

Our  ignorance  of  the  exact 
nature  of  the  nervous  cur- 
rent need  not  delay  the  dis- 
cussion, however,  for  we  shall 
find  that  the  importance  of 
nervoas  currents  for  our  fur- 
ther study  depends  upon  their 
paths  of  transmission  rather 
than  on  their  nature.  The 
path  of  transmission  will  be 
determined  primarily  by  the 
direction  and  connections  of 
the  fibers  which  unite  the  cell 
in  which  a given  excitation 
originated  with  other  parts 
of  the  body;  secondarily,  the  path  of  transmission 
will  depend  on  the  fatigued  or  unfatigued  condition 
of  the  cells  and  on  the  other  currents  of  energy 
which  are  flowing  through  the  system  at  the  same 
time.  All  these  complex  possibilities  may  be  summed 
up  in  the  statement  that  in  its  transmission  through 
the  neural  organs  every  nervous  excitation  is  directed 
and  is  combined  with  other  impulses,  and  is  ultimately 
determined  in  its  effects  by  its  path  of  transmission 
and  its  relations  to  other  impulses,  ciuitc  as  much  as 


Fig.  4.  Much  enlarged  section 
of  a muscle  cell  and  a sen- 
sory cell  of  a hydra,  to- 
gether with  the  connecting 
cells  which  lie  between 
them.  M,  muscle  cell ; 
S,  sensory  cell ; C,  inter- 
mediate cells ; F,  fiber  con- 
necting the  sensory  cells 
with  the  central  cells. 
Adapted  from  Haller. 
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by  its  own  quality  and  inten.sity.  Furthermore,  as  soon 
as  it  is  recognized  that  nervous  impulses  consist  in  cur- 
rents of  energy  which  have  been  liberated  by  the 
stimulus,  it  will  be  recognized  that  every  nervous 
current  must  produce  some  effect  before  it  is  dissipated, 
for  a current  of  energy  must  do  some  work,  it  cannot 
disappear.  The  effects  produced  by  nervous  impul.ses 
are  of  two  kinds.  First,  the  energy  may  be  absorbed 
in  the  course  of  its  transmission,  in  which  case  it  will 
produce  changes  in  the  condition  of  the  nervous  tissue, 
thus  contributing  to  the  'modification  of  the  structure 
of  that  tis.sue.  Second,  it  may  be  carried  to  the 
natural  outlet  of  all  nervous  e.xcitations ; namely,  the 
motor  channels  leading  to  the  muscles  or  other  active 
organs  of  the  body.  It  will  there  produce  some  form 
of  muscular  or  glandular  activity.  If  it  contributes  to 
changes  in  structure,  these  changes  in  structure  will 
ultimately  influence  new  incoming  impulses  which  are 
on  the  way  to  the  active  organs.  We  may,  therefore, 
say  that  directly  or  indirectly,  all  incoming  nervous 
impulses  are  transmitted  to  the  active  organs  of  the 
body  after  being  more  or  less  completely  redirected 
or  partially  used  to  produce  structural  changes  in 
the  nervous  organs. 

The  range  of  nervous  processes  possible  in  the 
simple  structures  of  a hydra  is  extremely  limited; 
for  this  very  reason  the  fundamental  characteristics 
of  nervous  processes  are  all  the  more  apparent.  We 
can  distinguish  clearly  the  first  step  which  is  the 
reception  of  the  extertial  stimulus.  This  first  step 
is  commonly  described  as  a sensory  nervous  process. 
The  cell  on  which  the  stimulus  acts  is  a sensory  cell. 
The  intermediate  cells  placed  between  the  sensor}' 
cell  and  the  muscle  are  called  central  cells.  The 
fibers  passing  from  the  central  cells  to  the  muscle 
are  motor  fibers.  It  will  be  seen  that  the  sensory, 
central,  and  motor  processes  cannot  be  sharply  distin- 
guished from  each  other;  they  are  all  phases  of  a single 
continuous  process,  the  end  of  which  is  always  some 
muscular  activity. 

When  we  turn  from  the  h}'^dra  to  the  higher  forms 
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of  life,  we  find  that  the  multiplication  of  cells  and  the 
specialization  of  functions  leads  to  the  most  elaborate 
organizations.  Without  attempting  to  deal  with  the 
other  systems  of  organs,  we  may  note  that  the  nervous 
organs  develop  in  two  directions.  There  is,  first,  a 
grouping  of  the  central  cells  into  complex  central 
organs  and,  second,  a 
differentiation  of  the 
receptive  or  sensory 
cells  resulting  in  the 
production  of  special 
organs  for  the  recep- 
tion of  a great  variety 
of  stimuli  such  as  light, 
sound,  tastes,  odors, 
and  other  forms  of 
energy.  These  two 
types  of  development 
may  advantageously 
be  considered  in  suc- 
cession. For  the  re- 
mainderof  this  chapter, 
the  differentiation  of 
the  sense  organs  will  be 
passed  over  and  the 
evolution  of  the  central 
organs  will  be  briefly 
sketched. 

The  nervous  system 
of  the  hydra  is  scat- 
tered diffusely  through- 
out the  body  wall;  there  is  no  special  part  of  the 
body  in  which  the  central  cells  are  massed.  The 
higher  animals  all  have  a more  or  less  highly  cen- 
tralized nervous  system.  A simple  type  of  centrali- 
zation is  seen  in  the  starfish.  Figure  5 shows  the  gen- 
eral outline  of  this  animal’s  body  and  by  the  lines 
within  this  outline  the  distribution  of  the  central  ner- 
vous cells.  Each  double  line  represents  a group  of 
cells.  It  will  be  seen  that  there  is  a central  system  of 
cells  for  each  arm,  to  which  sensory  impulses  pass  from 


Fig.  5.  Outline  of  a starfish  and  ner- 
vous system  of  the  same.  Each 
arm  of  the  starfish  is  supplied 
with  a series  of  nerve  cells  in- 
dicated by  the  lines  passing 
through  the  various  arms.  From 
these  nerve  cells,  fibers  extend  to 
the  surface  and  receive  sensory 
impulses  and  send  out  motor  im- 
pulses. From  Loeb. 
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the  surface  of  the  body  and  from  which  motor  im- 
pulses return  to  the  muscles.  There  is  also  a central  ring 
which  binds  together  the  different  arms  and  cen- 
tralizes in  a still  higher  degree  the  whole  animal. 

This  ring  is  in  the  neighbor- 
hood of  the  mouth  opening, 
and  its  function  is  undoubt- 
edly connected  with  the  highly 
important  function  of  con- 
trolling the  whole  animal  in 
taking  food.  Another  type 
of  centralization  appears  in 
any  one  of  the  segmented 
animals  such  as  an  insect. 
Figure  6 shows  such  a central- 
ized nervous  system.  Each 
segment  has  its  group  of 
central  cells,  and  all  the  seg- 
mental centers  are  related  by 
connecting  fibers  to  one  an- 
other and  to  the  highly  de- 
veloped group  of  cells  in  the 
first  segments,  which  are  near 
the  mouth  opening. 

The  importance  of  this 
highly  developed,  centralized 
nervous  s}'^stem  becomes  evi- 
dent the  moment  one  begins 
to  study  the  behavior  of  the 
animal.  Take,  for  example, 
the  bee,  and  note  its  move- 
ments. It  exhibits  the  most 
elaborate  forms  of  activity, 
including  locomotion,  the  act 
of  stinging,  the  various  acts 
connected  with  the  taking  of  food,  caring  for  the 
young,  and  storing  up  supplies  for  the  support  of  in- 
dividual life.  This  indicates  that  there  are  complex 
paths  in  the  nervous  system  of  the  bee,  such  that 
external  stimuli  set  in  action  complex  systems  of  re- 
distribution and  motor  discharge.  Furthermore,  it 


Fig.  6.  A stag-beetle  show- 
ing the  outline  of  the 
body  and  the  distribu- 
tion of  the  nerve  cells 
and  fibers.  Each  seg- 
ment of  the  body  has  a 
ganglion  of  cells  G,  G, 
G,  from  which  fibers  F, 
F,  F are  distributed  to 
the  surface  of  the  body 
for  the  reception  of 
stimulations  and  the 
distribution  of  motor 
impulses.  The  ganglion 
in  the  front  section  of 
the  body  is  double  and 
of  greater  importance 
than  those  in  the  pos- 
terior segments. 
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will  be  noted  that  the  behavior  of  the  bee  is  not  only 
complex;  it  is  developed  in  many  of  its  details  at  the 
beginning  of  life.  The  young  bee  is  endowed  with  the 
ability  to  fly  as  soon  as  it  unfolds  its  wings.  It  does 
not  learn  to  sting  by  any  long  process  of  practice.  It 
is  capable  of  doing  all  of  these  acts  from  the  first. 
When  certain  stages  of  bodily  maturity  are  reached 
and  certain  external  conditions,  such  as  those  of  tem- 
perature are  favorable,  bees  are  capable  without  pre- 
vious training  of  going  through  the  most  elaborate 
performances,  such  as  swarming  or  making  cells  in 
which  to  deposit  their  eggs.  This  complete  determina- 
tion of  the  bee’s  behavior  depends  upon  the  existence 
of  inherited  paths  of  connection  laid  down  in  the 
structure  of  the  bee’s  nervous  system  at  the  beginning 
of  its  life.  Individual  exiDerience  does  not  modify 

its  modes  of  behavior,  for  there  is  no  part  of  its 
nervous  structure  which  is  left  undeveloped  at  the  be- 
ginning of  its  life,  to  be  mapped  out  in  the  course  of 
individual  contact  with  the  world. 

The  characteristics  of  such  a nervous  organization 
are  undoubtedly  reflected  in  the  animal’s  conscious- 
ness, if  we  may  hazard  a guess  as  to  the  kind  of  experi- 
ence w’hich  such  an  animal  can  possess.  There  can 
be  none  of  the  discriminating  experience  which  higher 
animals  have  when  they  stop  before  some  object 
and  study  its  properties.  The  analogy  which  we 
should  borrow  from  human  experience,  if  we  would 
understand  the  experience  of  a bee,  is  the  analogy  of  a 
fully  organized  habit,  or  better,  the  analogy  of  one  of  our 
own  inherited  modes  of  action,  such  as  that  exhibited 
in  the  winking  of  the  eye  or  jerking  the  head  aside 
when  an  object  moves  rapidly  toward  the  face,  threaten- 
ing to  strike  it.  Conscious  experience  is  made  up  in 
such  cases,  not  of-  clearly  defined  knowledge  of  the 
thing  w'hich  gives  rise  to  the  experience,  but  rather 
of  a vague  excitement,  followed  by  unrest,  if  the 
in.stinctive  winking  or  dodging  does  not  adequately 
meet  the  requirements  of  the  situation,  and  by  satis- 
faction, if  the  activity  proves  sufficient. 

The  view'  thus  taken  of  the  nature  of  primitive  con- 
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sciou.sne.ss  illustrates  the  general  principle  that  an  inti- 
mate relation  may  always  be  sought  between  nervous 
organization,  behavior,  and  consciousness.  The  move- 
ment which  an  animal  makes,  or  its  behavior,  depends 
on  the  way  in  which  nervous  impulses  are  distributed 
to  its  muscles.  The  conscious  experience  which  the 
animal  has,  is  related  to  the  way  in  which  impressions 
are  received  and  utilized.  The  result  of  this  interrela- 
tion is  that  in  scientific  studies  inferences  are  continu- 
ally being  made  from  one  group  of  facts  to  the  other. 
Most  common  in  ordinary  life  is  the  inference  from  be- 
havior to  consciousness.  We  say  a man  acts  intelligently 
or  inconsiderately.  We  say  that  an  animal  acts 
without  deliberation  or  thought.  Indeed,  we  should 
have  little  justification  for  any  as.sertions  whatsoever 
regarding  animal  mental  life,  if  we  were  not  prepared 
to  recognize  the  relation  between  behavior  and  ex- 
perience. The  common  observer  does  not  know 
the  facts  of  nervous  organization,  hence  the  inference 
from  nervous  organization  to  consciousness  is  not 
so  common  as  the  inference  from  behavior  to  con- 
sciousness. It  is  the  purpose  of  our  scientific  studj’ 
to  justify  and  establish  the  inference  from  nervous 
structure  and  behavior  to  consciousness.  This  is 
the  reason  why  jisychology  takes  up  the  stud}'-  of 
nervous  structures,  and  it  is  in  this  possibility  of 
inference  from  nervous  structures  to  consciousne.ss 
that  psychology  finds  one  of  its  most  fruitful  fields. 
It  need  hardly  be  added  that  when  we  reach  the  level 
of  human  life,  the  reverse  line  of  inference  from  con- 
sciousness to  nervous  organizations  is  one  of  the 
indispensable  accessories  to  the  scientific  study  of 
nervous  processes. 

Returning  from  our  digressions,  we  may  continue 
the  study  of  nervous  structures.  Among  the  inver- 
tebrates there  is  the  greatest  varietj’’  in  the  form  and 
complexity  of  nervous  structures.  In  all  cases,  how- 
ever, these  structures  are  essentially  like  those  of 
the  insect  shown  above.  They  are  ail  organized  with 
reference  to  a highest  center  and  completely  mapped 
out  at  the  beginning  of  life  into  tracts  for  the  control 
of  instinctive  activities. 
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Passing  by  long  steps 
up  the  scale  of  life,  we 
may  next  consider  the 
nervous  system  of  one  of 
the  lower  vertebrates. 
Here  we  find  that  the 
centralized  organization 
has  gone  beyontl  that 
seen  in  the  insects,  but 
it  is  yet  relatively  simple. 
Figure  7 shows  the  general 
form  of  the  frog’s  nervous 
system  looked  at  from 
above.  In  all  of  the 
vertebrates  the  nervous 
system  is  incased  in  the 
bones  of  the  vertebral 
column  and  skull,  so  that 
the  view  here  presented 
shows  the  appearance  of 
the  nervous  organs  after 
the  bones  and  muscles  and 
skin  which  cover  these 
organs  in  the  normal 
animal  have  been  re- 
moved. The  frog’s  ner- 
vous system  may  be 
roughly  divided  into  two 
main  sections.  The  first 
part  lying  below  the  cere- 
bellum consists  of  the 
long  cylindrical  spinal 
cord  with  the  medulla, 
which  is  essentially  an 
enlargement  of  the  cord, 
at  its  upper  end.  The 
cord  and  medulla  are 
directly  connected  with 
the  surface  of  the  body 
by  means  of  a great  num- 
ber of  fibers.  The  in- 


F 


Frog's  ner- 
vous sys- 
tem ; lower 
centers. 


Fig.  7.  Shows  the  nervous  system 
of  a frog  as  it  would  appear  if 
the  skin  and  muscles  and  pro- 
tecting bone  were  removed. 
A,  spinal  cord  with  some  of 
the  nerve  fibers  which  extend 
from  this  organ  to  the  surface 
of  the  body.  In  the  posterior 
region  a plexus  of  fibers  ex- 
tends to  each  of  the  posterior 
extremities;  in  the  anterior 
region,  a plexus  extends  to 
each  of  the  anterior  extrem- 
ities. B,  medulla ; C,  cere- 
bellum ; D,  optic  lobes,  which 
are  connected  with  the  eyes 
by  optic  fibers  which  pass 
underneath  the  brain ; E,  optic 
thalami ; F,  cerebral  hemi- 
sphere. The  anterior  portions 
of  the  hemispheres  constitute 
what  are  known  as  the  olfac- 
tory lobes.  These  lobes  are 
directly  connected  by  means 
of  the  fibers  shown  in  the  fig- 
ure with  the  olfactory  region. 
Many  of  the  nerve  fibers 
which  extend  from  the  medulla 
to  the  surface  of  the  body  are 
omitted  in  this  drawing. 
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coming  sensory  impulses  from  the  skin  are  received 
through  certain  of  these  fibers,  and  motor  impulses  are 
distributed  to  the  muscles  through  others.  There  are 
many  cells  in  the  cord  and  medulla,  their  chief  function 
being  to  form  links  of  connections  between  the  incom- 
ing sensory  fibers  and  the  outgoing  motor  fibers. 
If  the  cord  and  medulla  are  separated  from  the  higher 
centers  by  a cut  just  below  the  cerebellum,  the  pro- 
cesses of  movement  in  response  to  sen.sory  stimuli 
applied  to  the  trunk  and  legs  go  on  with  very  little 
departure  from  the  normal,  the  only  difference  being 
that  activities  called  out  by  these  stimuli  show  a 
machine-like  regularity  quite  foreign  to  the  normal 
animal.  While  the  cord  and  medulla  can  thus  be 
shown  to  be  relatively  self-sufficient  organs,  they  are 
under  normal  conditions  connected  with  the  higher 
centers  by  fibers  which  run  up  and  down  through  the 
whole  nervous  system.  By  means  of  these  connect- 
ing fibers  the  action  of  the  cord  and  medulla  is  sub- 
ordinated, as  were  the  functions  of  the  segmental 
centers  in  the  bee,  to  the  requirements  of  the  whole 
animal,  as  dictated  by  the  highest  centers  around  the 
mouth. 

Frog’s  ner-  The  Centers  above  the  cord  and  medulla,  which 
t^m^wgiier  Constitute  the  higher  group  of  structures  in  the  frog’s 
ceoters.  central  nervous  system,  are  of  two  kinds.  There 

are,  first,  certain  sensory  centers;  namel}q  the  large 
optic  lobes  and  the  olfactory  lobes.  These  connect 
respectively  with  the  eyes  and  nose  of  the  frog  and 
' receive  sensory  impulses  from  these  higher  senses. 

The  large  size  and  forward  position  of  these  two 
centers  indicate  the  importance  of  the  functions 
which  they  perform  in  the  animal’s  life.  Especially, 
the  large  size  of  the  optic  lobes  is  directly  related  to 
the  fact  that  the  frog  uses  its  sense  of  sight  in  captur- 
ing the  insects  on  which  it  subsists.  Besides  the 
sensory  centers  mentioned,  there  are  in  the  higher 
parts  of  the  nervous  system  a series  of  organs ; namely, 
the  cerebellum,  the  thalami,  and  those  parts  of  the 
cerebral  hemispheres  which  lie  back  of  the  olfactorj^ 
lobes,  all  of  which  are  centers  for  the  working  over  of 
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stimulations  received  in  other  parts  of  the  nervous 
system.  These  last-mentioned  centers  do  not  con- 
nect directly  with  organs  of  sense  or  with  muscles; 
they  operate  at  a higher  level,  evidently  performing 
some  function  higher  than  that  of  direct  reception 
and  discharge  of  stimulations. 

Certain  of  the  functions  of  these  higher,  indirect 
centers*  may  be  described  as  functions  of  association. 
Impulses  received  in  the  cord  and  medulla  are  re- 
lated in  the  higher  centers  to  impulses  received  in 
the  optic  and  olfactory  lobes,  and  the  action  of  the 
animal  is  determined  not  by  single  sensory  processes,  but 
by  all  the  sensory  processes  after  they  have  been  united 
into  elaborate  associative  complexes.  Thus,  a frog 
stimulated  at  once  by  a tactual  and  a visual  stimulus 
will  react,  not  to  one  without  reference  to  the  other, 
but  rather  to  the  combination  of  the  two.  An  animal 
with  large  centers  for  the  indirect  elaboration  of  im- 
pulses exhibits,  accordingly,  a very  much  greater 
independence  of  single  stimuli  than  does  an  animal 
with  a simpler  nervous  system,  because  the  associa- 
tion processes  subordinate  the  single  impulses  to  the 
general  demands  of  impulses  from  all  parts  of  the 
organism. 

There  is  another  important  change  which  comes 
with  the  development  of  large  association  organs. 
The  animal  is  less  completely  determined  in  its  be- 
havior through  inherited  structures;  more  of  the 
organization  of  its  activity  is  left  to  be  worked  out 
in  the  course  of  its  individual  contact  with  the  world. 
The  direct  centers  in  the  lower  organs  provide  suffi- 
cient tissue  for  the  hereditary  transmission  of  the 
fundamental  instinctive  organizations  necessary  to 
maintain  life,  such  as  the  movement  of  swimming  or 
turning  over  when  the  animal  is  placed  on  its  back, 
but  such  activities  are  subordinated  in  all  the  more 
highly  developed  animals  to  organizations  which  are 
developed  in  the  a.s.sociation  areas  during  the  course 
of  individual  life. 

In  certain  respects  the  organs  of  the  nervous  system 
are  all  alike.  They  all  transform  sensory  impulses 
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into  motor  impul.ses  in  tlie  same  fundamental  way  as 
the  nerve  cells  of  the  hydra  tran.sform  sensory  stimuli 
into  motor  proces.ses.  it  is  true  of  the  association 
areas  of  the  frog’s  brain  as  of  the  direct  centers  in  the 
cord  and  medulla,  that  sen.sory  impul.ses  are  there 
transformed  into  motor  processes.  Too  much  em- 
phasis cannot,  however,  be  laid  on  the  fact  that  the 
injection  of  an  indirect  process  of  organization  into 
the  sensory-motor  cii’cuit  transforms  the  process  to 
such  an  extent  that  after  the  new,  indirect  mode  of 
organization  appears,  it  dominates  the  whole  nervous 
activity  as  well  as  the  whole  life  of  the  animal.  The 
higher  animals  are  not  characterized  by  their  lower 
nervous  centers  nor  by  their  organs  for  the  reception 
of  sensory  stimuli.  Far  down  in  the  scale  of  the 
vertebrates,  the  cord  and  the  medulla  reach  a high 
stage  of  development,  and  the  organs  of  sen.se  attain 
a degree  of  perfection  which  makes  them  comparable 
to  the  corresponding  organs  in  man.  The  whole 
matter  can  be  emphatically  stated  by  comparing 
man  with  the  lower  vertebrates.  Man  is  not  dis- 
tinguished in  his  nervous  organization  from  the  ani- 
mals below  him  by  a notably  better  set  of  sense 
organs  or  a better  spinal  cord  and  medulla.  We 
shall  look  in  vain  in  these  organs  for  the  structural 
conditions  of  man’s  superiority  in  forms  of  behavior 
and  in  intelligence.  Man’s  higher  faculties  are  re- 
lated rather  to  the  vastly  higher  development  of 
indirect  nervous  centers,  in  which  the  incoming  sensory 
impulses  are  associated  with  each  other  and  redis- 
tributed so  that  they  come  to  be  organized  in  the 
most  elaborate  fashion. 

The  significance  of  the  association  areas  will  be- 
come obvious  if  we  examine  a series  of  figures  illustrat- 
ing the  jDi’ogressive  evolution  of  the  nervous  sj'stem 
from  the  frog  to  man.  The  best  view  from  which  to 
exhibit  these  facts  of  development  is  the  lateral  view 
shown  for  a number  of  different  levels  of  vertebrate  life 
in  Fig.  8,  A,  B,  C,  and  D.  One  cannot  fail  to  be  im- 
pressed by  the  fact  that  cord,  medulla,  optic  and 
olfactory  lobes  remain  practically  stationary  in  rela- 
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live  size  throughout  the  series,  while  the  thalami, 
the  cerebellum,  and  especially  the  cerebrum,  develop 
to  relatively  enormous  organs.  The  behavior  and 
experience  of  the  higher  animals  stand  in  the  closest 
relation  to  these  striking  developments  in  the  nervous 
structures. 

Without  attempting  to  exhaust  the  subject  at  this 
time,  we  may  note  certain  salient  characteristics  of  structure 
behavior  which  distinguish  the  higher  animals  from  'b 
the  lower.  First,  the  variety  of  movements  is  vastly 
increased.  Up  to  a certain  point  in  animal  evolution  ® 
the  number  of  organs  of  movement,  of  limbs  and 
oral  muscles,  for  example,  increases  to  meet  the  in- 
creasing needs  of  the  animal ; but  ultimately  a point 
is  reached  where  development  of  movement  goes 
forward  without  any  corresponding  development  of 
new  limbs  or  muscles.  This  later  stage  is  character- 
ized by  the  development  of  nervous  structures  which 
make  it  possible  to  use  the  given  muscles  in  a greater 
variety  of  combinations,  just  as  a skilled  artisan 
depends  for  his  perfected  movements,  not  on  the 
development  of  new  arm  muscles  or  finger  muscles, 
but  upon  the  development  of  finer  coordinations  of 
those  muscles  which  all  human  beings  possess. 

A second  striking  fact  of  behavior  which  parallels  Experi- 
the  development  of  complex  nervous  centers  is  that  ^owsig”if- 
slight  stimuli  may  set  up  the  most  elaborate  pro- 
cesses.  The  value  of  the  stimulus  in  such  a case  is  centers, 
determined,  not  by  the  intensity  or  quality  which  it 
has  in  itself,  but  by  the  complex  organization  which 
it  arouses  to  action.  Conversely,  a strong  stimulus 
may  be  absorbed  in  the  elaborate  organization  and 
produce  no  immediate  effect.  These  statements  can 
be  illustrated  by  the  behavior  of  a frog  under  two 
groups  of  conditions,  one  of  which  is  experimentally 
induced.  If  we  cut  off  the  frog’s  spinal  cord  and 
medulla  from  the  higher  centers,  the  frog  will  continue 
to  live  in  a condition  in  which  all  the  association 
activities  are  absent.  If,  now,  we  apply  a stimulus  to 
the  skin  of  the  frog’s  trunk,  a response  will  follow 
immediately  with  mechanical  regularity.  This  re- 
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spouse  will  be  of  a very  simple  and  direct  type,  usually 
consisting  in  a movement  of  one  of  the  legs  up  to  the 
point  of  irritation.  In  a second  case,  we  may  apply 
the  same  stimulus  to  a frog  in  whicli  the  cord  and 
medulla  are  connected  with  the  higher  centers.  The 
reaction  in  this  case  will  be  of  an  entirely  different 
character.  It  will  usually  not  come  immediately, 
and  its  form  will  depend  on  a great  variety  of  complex 
conditions.  Thus,  the  frog  may  jump  away,  it  may 
croak,  or  there  may  be  a complete  absence  of  apparent 
reaction.  If  such  results  as  these  appear  in  so  simple 
an  animal  as  a frog,  the  complexity  of  possible  organi- 
zation in  a human  being  can  be  imagined. 

Third,  as  perhaps  the  most  important  result  of  the 
development  of  indirect  nervous  centers,  the  impres- 
sions and  activities  which  appear  in  the  course  of 
individual  life  enter  very  largely  into  the  determina- 
tion of  nervous  organization.  As  pointed  out  above, 
the  lower  direct  centers  are  in  the  main  determined 
in  structure  by  heredity,  the  higher  centers  are  left 
undeveloped  at  birth,  so  that  the  stimuli  which  act  upon 
the  individual  find  at  the  beginning  of  life  a mass  of 
undeveloped  tracts  through  which  they  may  be  trans- 
mitted. It  has  long  been  recognized  that  the  infancy 
of  all  the  higher  animals,  especially  human  infancy, 
is  very  much  longer  than  the  infancy  of  the  lower 
forms.  The  reason  for  this  appears  as  soon  as  we 
recognize  that  the  higher  centers  of  the  nervous 
system  are  not  mapped  out  by  heredity,  and  require 
time  to  mature.  They  develop  under  the  stress  of 
individual  contact  with  the  world.  It  is  during 
this  process  of  organization  of  the  higher  centers  that 
conscious  experience  arises  in  the  animal  kingdom. 
There  can  be  no  question  that  the  development  in  the 
nervous  system  of  indirect  centers  is  the  direct  j^hysio- 
logical  condition  for  the  form  of  consciousness  with 
which  we  are  familiar  in  our  own  experiences.  The 
nervous  processes  in  the  spinal  cord  and  medulla  are, 
so  far  as  we  know,  accompanied  by  little  or  no  con- 
sciousness. It  is  in  connection  with  cerebral  processes 
that  consciousness,  at  least  in  its  most  vivid  form, 


Individual 

experience 

affects 

higher 

organiza- 

tions. 
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arises.  The  rise  of  consciousness  is,  accordingly,  re- 
lated to  the  development  of  the  elaborate  nervous 
structures  which  constitute  the  indirect  or  association 
organs.  These  structures  have  been  gradually  evolved 
through  specialization  and  centralization.  Their  func- 
tion is  obviously  one  of  organization,  and  their  domi- 
nant position  in  the  organism  indicates  their  importance 
in  the  life  of  the  individual. 

The  following  table  may  serve  to  indicate  the 
general  lines  of  evolution  which  have  been  traced  in 
the  foregoing  discussions:  — 


Lowest 

Forms 

Hydra 

Inter- 

mediate 

Forms 

Highest 

Forms 

Body 

Unicellular 

Very  simple 
multicellular 

Increasingly 

complex 

Mo.st  com- 
plex 

Nervous 

System 

None 

Specialized 
cells  diffused 
through  wall 
of  body 

Organized 
and  central- 
ized 

Character- 
ized by  the 
addition  of 
association 
centers 

Organs 

of 

Sense 

None 

Very  little,  if 
indeed  at  all, 
differenti- 
ated 

Increasingly 

differenti- 

ated 

Further  dif- 
ferentiated, 
reaching 
complete, 
develop- 
ment early 

Behavior 

Simplest 

a,  limited  in 
variety 

Simple 

a,  increasing 
in  variety 
as  compared 
with  unicel- 
lular forms 

Grows  more 
and  more 
complex 

a,  shqws  va- 
riety of  in- 
stinctive 
acts. 

Most  com- 
plex 

o,  special- 
ized move- 
ments of 
great  vari- 
ety 

b,  made  up 
of  single  acts 

b,  made  up 
of  simple 
series 

b,  made  up  of 
combinations 
of  factors 

b,  long  coor- 
dinated 
trains 
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Lowest 

Forms 

Hydra 

Inter- 

mediate 

Forms 

Highest 

Forms 

c,  unmodi- 
fied by  ex- 
perience 

c,  unmodi- 
fied by  ex- 
perience 

c,  somewhat, 
though  very 
little,  modi- 
fied by  ex- 
perience 

c,  guided 
chiefly  by 
experience 

d,  follows 
very  directly 
on  stimulus 

d,  direct 

d,  for  the 
most  part 
direct,  but  in 
higher  forms 
includes  indi 
rect  or  mem- 
ory factors 

d,  chiefly  in- 
direct, as 
shown  in 
man  in  such 
activity  as 
speech 

Tj^pc  of 
Experi- 
ence 

At  most, 
vague  feel- 
ings 

Possibly 
vague 
recognition 
of  those  ob- 
jects which 
call  for 
instinctive 
reactions, 
but  chiefly 
emotional 

Instinctive 
recognitions 
and  feelings 
present,  but 
overlaid  by 
intelligent 
considera- 
tion 
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roots  of 
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nerves. 


The  ele- 
ment of  all 
nervous 
structures 
is  the 
neurone. 


THIO  HUMAN  NEKVOUS  SYSTE.M 

The  general  description  of  the  vertebrate  nervous 
system  given  in  the  last  chapter  prepared  the  way 
for  a more  minute  examination  of  the  human  nervous 
system. 

The  spinal  cord  is  a cylindrical  ma.ss  of  nervous 
tissue  about  forty-five  centimeters  long  and  about 
one  centimeter  in  diameter.  It  extends  throughout 
the  whole  length  of  the  vertebral  column,  occupjdng 
a canal  which  lies  in  the  centers  of  the  vertebrae. 
The  cord  is  connected  with  the  surface  of  the  body 
by  thirty-one  pairs  of  nerves  symmetrically  situated 
on  the  right  and  left  sides.  These  nerves  are  each 
made  up  of  many  fibers,  some  of  which  are  sensor}', 
others  motor.  All  of  the  fibers  are  gathered  to- 
gether into  a single  bundle  as  they  pass  through  the 
body.  In  the  immediate  neighborhood  of  the  cord, 
they  divide  into  two  so-called  roots.  The  motor 
fibers  constitute  one  root  and  leave  the  cord  on  the 
ventral  side,  while  the  sensory  fibers  constitute  the 
second  root  and  enter  on  the  dorsal  side.  This  dif- 
ference in  the  points  of  exit  and  entry  of  the  two 
kinds  of  fibers  shows  at  once  that  the  tissues  within 
the  spinal  cord  are  divided  into  parts,  the  parts  being 
determined  by  the  functional  character  of  the  elements. 

The  structural  elements  of  the  spinal  cord,  like  the 
elements  of  all  parts  of  the  nervous  system,  are  neu- 
rones or  cells  of  a highly  specialized  structure.  Each 
cell  is  made  up  of  a nucleus,  a cell  body  of  proto- 
plasmic tissue  surrounding  the  nucleus,  and  a series 
of  processes  extending  from  the  cell  body.  The  pro- 
cesses are  of  two  varieties;  namely,  dendrites  or 
branching  arms,  which  usually  conduct  impulses 
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toward  tlie  cell  body,  and  a 
single  long  nerve  fiber  which 
carries  the  impulse  outward 
from  the  cell  bod\\  Cells  in  the 
cord  are  usually  large  as  com- 
pared with  other  nerve  cells  in 
the  body,  though  absolutely 
considered  they  are  minute  mi- 
croscopic objects,  the  largest 
being  about  one  tenth  of  a milli- 
meter in  diameter.  Figure  9 
shows  two  neurones  with  all 
their  characteristic  parts.  It 
will  be  noted  that  the  long  fiber 
is  made  up  of  several  parts. 
There  is  a sheath  in  most  of  the 
long  fibers  of  the  nervous  sys- 
tem. This  is  not  an  essential 
part  of  the  nervous  structure, 
but  is  an  external  growth  which 
protects  the  inner  nervous 
thread  or  axis  cylinder,  as  it  is 
called,  and  doubtless  acts  as  an 
insulator. 

In  the  cord,  as  in  other  parts 
of  the  nervous  system,  the  neu- 
rones are  organized  in  systems 
of  chains.  An  impulse  acting 
on  one  cell  is  transmitted  to 
other  connected  neurones  until 
finally  the  impulse  reaches  a cell 
connected  with  a muscle  fiber. 
The  contact  between  neurones 
in  the  higher  nervous  systems 
is  indirect,  as  shown  in  Fig.  10; 
that  is,  the  fiber  from  one  cell 
does  not  pass  directly  into  an- 
other cell,  but  breaks  up  into  a 
fine  network  of  fibrils  and  in- 
terlaces with  the  dendrites  from  ( 


Fig.  9.  Two  nerve  cells 
(A  and  B)  are  here 
represented  with 
their  axones  C and 
D.  C extends  from 
the  cell  to  a muscle ; 
shortly  after  leaving 
the  cell  the  axone  is 
surrounded  by  a 
heavy  protecting 
sheath,  as  indicated  Nature  of 
in  the  figure,  and  synaptic 
known  as  the  medul-  tions. 
lary  sheath.  At  XX 
there  appears  an 
outer  sheath  known 
as  the  Sheath  of 
Schwann.  The  me- 
dullary sheath  ends 
at  the  point  where 
the  fiber  divides  into 
a fine  network  and 
pa.sses  into  the 
muscle.  The  axone 
D communicates 
with  another  cell. 

From  Testute. 

:her  cells.  The  con- 


nections of  a single  cell  may  be  very  numerous  by 
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Fig.  10.  A number  of  different  types 
of  connection  between  nerve 
fibers  and  cells  are  here  repre- 
sented. A and  A'  represent  in- 
coming sensory  fibers  which 
bring  stimulations  from  different 
directions  to  the  cell  B.  All  of 
the  stimulations  acting  upon  B 
are  transmitted  along  the  fiber 
C,  and  at  the  end  of  this  fiber 
may  affect  various  cells,  such  as 
D and  E.  From  the  cells  D and 
E the  stimulations  may  pass  in 
different  directions,  as  indicated 
by  the  arrows.  The  stimulations 
from  A and  A'  fuse  in  the  cell  B. 
The  stimulation  from  the  cell  B 
is  subdivided  and  redistributed 
from  D and  E.  All  connections 
are  indirect  or  synaptic. 


virtue  of  the  branch- 
ing of  the  dendrites 
and  the  indirect  rela- 
tions between  neu- 
rones. The  point  of 
relation  between  two 
neurones  is  known  as 
a synap.se.  At  the 
synapses,  impulses  are 
redistributed  in  the 
greatest  po.ssible  va- 
riety of  directions. 

An  examination  of 
neurones  in  various 
animals  and  at  differ- 
ent stages  of  individ- 
ual development  shows 
clearly  that  the  num- 
ber of  branches  of  the 
cell  is  an  important 
factor  in  determining 
the  complexity  of  the 
nervous  organization 
into  which  the  neu- 
rones may  enter.  Fig- 
ure 11  shows  the  in- 
creasing complexit}'  of 
neurones  as  we  ascend 
the  scale  of  animal 
life,  and  also  the  in- 
creasing complexity  of 
neurones  of  a single 
human  being  as  the 
nervous  structures 
mature.  The  lesson  to 
be  learned  from  these 
two  series  of  figures  is 
clear.  The  complexity 
of  a cell  and  the  num- 


ber of  systems  of  connections  into  which  the  cell  may 
enter,  increase  in  direct  proportion  to  each  other. 
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When  the  cell  has  few  branches,  the  possibility  of  its 
entering  into  relations  is  limited  to  a small  number 
of  definite  tracts.  To  this  statement  should  be  added 
another,  which  will  be  found  later  to  be  of  importance 
in  e.xplaining  certain  irregular  modes  of  nervous  activ- 
ity. When  there  are  no 
definite  lines  of  connec- 
tion between  neurones 
or  when  the  nervous  im- 
pulses are  so  intense  as 
to  overflow  the  regular 
channels  of  conduction, 
a diffuse  transmission  of 
nervous  energy  may  take 
place.  Neurone  will 
then  affect  neurone  with- 
out reference  to  deflnite 
dendrites  or  axis  cylin- 
ders. Diffuse  stimula- 
tions may,  therefore,  be 
regarded  as  the  most 
primitive  forms  of  inter- 
connection. The  higher 
the  animal  and  the  more 
completely  developed 
the  individual,  the  more 
complex  the  deflnite 
tracts  provided  for  in 
the  dendrites,  and  hence 
the  more  elaborate  the 
definite  organizations. 

The  fewer  the  dendrites, 
the  fewer  the  definite 
paths  of  conduction. 

The  significance  of 
the  synaptic  connections 


Fig.  11.  Shows  the  development  in 
complexity  of  nerve  cells  in 
the  course  of  animal  evolution 
and  in  the  course  of  the  devel- 
opment of  a single  individual. 
A is  the  nerve  cell  of  a frog;  B, 
a lizard;  C,  a rat;  D,  man. 
The  possibility  of  developing 
definite  paths  between  various 
neurones  increases  in  propor- 
tion to  the  increase  in  the 
number  and  complexity  of  the 
dendrites  from  the  cells,  a is 
a neuroblast  without  dendrites 
from  the  earlier  embryonic  de- 
velopment of  a human  brain,  b 
shows  the  beginnings  of  den- 
drites at  the  upper  end  of  the 
cell.  In  c,  in  d,  and  in  e the 
dendrites  increase.  The  form 
of  the  mature  cell  can  be  seen 
by  referring  to  D in  the  upper 
series.  From  Cajal. 


in  the  nervous  system 
becomes  very  clear  when  the  mature  nervous  system 
is  affected  in  such  a way  as  to  disturb  these  connec- 
tions. Certain  drugs  and  such  conditions  as  sleep 
serve  to  interrupt  the  regular  synaptic  paths.  The 


Interrup- 
tion of 
synapses 
results  in 
diSusion. 
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tions of 
neurones. 
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nute anat- 
omy. 


result  is  that  the  Ijehavior  of  the  muscles  is  very 
irregular,  sen.sory  impulses  are  much  diffused,  and 
the  conscious  experience  of  the  individual  becomes 
diffuse  and  irregular. 

After  this  general  study  of  neurones  and  their 
modes  of  connection,  we  are  prepared  to  consider 
briefly  the  internal  anatomy  of  the  cord  and  the 
higher  centers;  for  the  minute  anatomy  of  any  part 
of  the  nervous  system  consists  merely  in  the  con- 
nections between  the  different  neurones  which 
constitute  that  part  of  the  nervous  system.  It 
should,  perhaps,  be  mentioned  in  pa.s.sing  that  there 
are,  in  addition  to  the  nerve  cells  in  any  one  of  the 
organs  of  the  nervous  s}'^stem,  a number  of  connective- 
tissue  cells  which  bind  together  the  true  nervous 
structures  so  as  to  make  a compact  organ.  The.se 
connective-tissue  cells  may  be  neglected,  however, 
for  the  purposes  of  our  pre.sent  discu.ssion. 

Figures  12  and  13  show  diagrammaticall}’-  portions 
of  the  spinal  cord  with  the  details  of  structure  e.x- 
hibited  for  several  different  levels.  The  sensory  fibers 
coming  from  the  surface  of  the  body  and  bringing 
stimulations  from  the  organs  of  sense  in  the  skin, 
pass  through  certain  large  bipolar  cells  which  lie  just 
outside  the  cord,  as  indicated  in  the  figures.  A group 
of  nerve  cells,  such  as  these  bipolar  cells,  is  known 
as  a ganglion.  The  sensory  roots  of  each  of  the  spinal 
nerves  has  what  is  known  as  a posterior  spinal  gan- 
glion. The  cells  of  the  spinal  ganglion  are  relative!}^ 
simple  structures,  as  will  be  seen  from  the  limited 
number  of  their  branches.  They  will  be  referred  to 
again  in  discussing  the  organs  of  sense  in  the  skin, 
for  they  are  the  sensory  cells  of  the  tactual  sense. 
Within  the  cord,  the  sensory  fibers  subdivide,  certain 
branches  passing  upward  and  downward  through 
the  cord,  others  extending  across  the  cord  to  com- 
municate with  other  cells,  which  in  turn  send  out 
fibers  either  to  other  levels  of  the  cord  or  into  the 
motor  roots  of  the  spinal  nerves.  If  we  confine  our 
attention  for  the  moment  to  the  lateral  branch  of  one 
of  these  fibers  which  extends  across  the  cord  at  the 
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Fig.  12.  A diagram  to  illastrate  the  course  of  the  sensory  stimulation  when  it 
passes  upward  from  the  level  of  the  spinal  cord  at  which  it  is  received.  B 
represents  a section  of  the  spinal  cord;  A,  a portion  of  the  cerebral  cortex. 
Di  represents  a region  of  the  skin  in  which  the  sensory  ending  of  a tactual 
fiber  from  the  cell  B is  distributed.  A pressure  stimulation  acting  upon  Di 
will  excite  the  nerve  cell  and  send  a stimulation  inward,  as  indicated  by  the 
arrows.  This  stimulation  will  pass  upward  and  downward  to  various  levels 
of  the  cord,  as  indicated  by  the  branching  of  the  incoming  fiber  at  c.  Certain 
portion.s  of  this  incoming  stimulation  will  be  distributed  through  the  sjjinal 
cord  at  different  levels,  as  indicated  by  the  small  collateral  branches  passing 
horizontally  out  of  the  branches  of  the  sensory  fiber.  See  also  Fig.  13.  At 
/ the  incoming  fiber  communicates  with  a nerve  cell  which  in  turn  connects 
with  the  corte.x.  This  diagram  is  probably  much  too  sim])le,  more  than  one 
cell  being  nece.ssary  for  the  transmis.sion  of  this  stimulation  to  the  higher  cen- 
ters. When  the  stimulus  reaches  g in  the  cerebral  cortex,  it  acts  upon  the 
pyramidal  cell  and  is  transferred  into  a motor  impulse.  It  then  passes  down- 
ward along  the  fiber  a,  which  gives  off  horizontal  collaterals  at  different  levels 
of  the  cord.  Through  one  of  these  collaterals  or  through  the  termination  of 
the  centrifugal  fiber,  as  indicated  at  6,  the  stimulus  is  transmitted  to  a motor 
cell  in  the  spinal  cortl,  and  from  this  cell  is  carried  outward  to  the  muscles 
indicated  at  C.  After  Cajal. 
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Fig.  13.  Represents  a transverse  section  across  the  spinal  cord.  The 
left-hand  side  of  the  figure  represents  the  tissue  as  it  would 
be  seen  in  a section.  The  right-hand  side  of  the  figure  is  dia- 
grammatic and  shows  the  connections  between  the  cells  and 
fibers.  The  figure  represents  the  wliite  tissue  by  dotted  areas, 
and  lines.  The  dots  represent  cross  sections  of  the  fibers.  The 
gray  matter  which  occupies  the  central  portion  of  the  cord  is 
represented  in  general  outline  by  the  central  white  areas  and  in 
more  detail  as  to  its  structure  by  the  nerve  cells. 

At  A,  a spinal  nerve  is  represented  as  dividing  into  the  two  roots ; 
the  posterior  root  P which  carries  stimulations  into  the  spinal 
cord,  and  the  anterior  root  M winch  transmits  stimulations 
from  the  cord  to  the  muscles.  The  posterior  ganglion  G is  made 
up  of  simple  bipolar  cells.  The  nerve  fibers  either  pass  directly 
through  these  cells  or  are  connected  with  the  cell  bodies  by 
branches,  as  represented  in  the  figure. 

Four  typical  sensory  fibers  are  represented  in  the  figure.  Fiber  Xo.  1 
enters  the  cord,  giving  out  a collateral  branch  which  passes  to 
another  level,  and  can  be  represented  in  this  plane  only  by  a short 
line  ending  in  a circle  which  represents  the  section  across  the 
fiber.  The  main  fiber  comes  into  synaptic  relation  with  one  of 
the  cells  in  the  posterior  gray  matter  of  the  cord.  This  cell 
sends  out  a fiber  into  the  white  portion  of  the  cord.  The  fiber 
then  passes  upward,  as  indicated  by  the  small  circle  at  the  end 
of  the  fiber.  Fiber  No.  2 needs  no  special  description.  Fiber 
No.  3 gives  out  collaterals  which  extend  upward  and  downward 
and  are  followed  in  greater  detail  in  Fig.  12.  The  main  fiber 
is  carried  inward  and  comes  into  relation  isith  celts  which  send 
their  fibers  across  the  spinal  cord  to  the  opjiosite  side.  The 
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level  at  which  the  fiber  entered,  we  see  that  incom- 
ing stimulations  may  be  carried  by  a relatively  short 
route  to  motor  cells  on  the  same  side  of  the  cord. 

These  motor  cells  send  out  fibers  to  the  muscles  from 
the  same  level  as  that  at  which  the  sensory  fibers 
enter.  The  figures  illustrate  cases  which  are  prob- 
ably much  simpler  than  any  case  which  actually 
appears  in  the  human  nervous  system,  but  for  the 
purpose  of  diagrammatic  representation  the  figures  are 
adequate.  The  motor  fibers  very  soon  join  the  sen- 
sory fibers,  as  has  been  pointed  out  above,  making 
up  a single  bundle  of  fibers  traveling  toward  the  sur- 
face of  the  body.  There  is  no  anatomical  connec- 
tion, however,  between  the  sensory  and  motor  fibers 
in  the  nerve  trunk.  They  travel  to  the  surface  in  a 
single  bundle,  but  each  fiber  is  protected  by  its  in- 
sulating sheath,  and  the  stimulation  which  each  in- 
dividual fiber  carries  cannot  be  transmitted  in  the 
course  of  its  passage  to  any  other  fiber.  All  relations 
between  sensory  and  motor  fibers  depend  upon  connec- 
tions between  their  central  cells  in  the  spinal  cord. 

The  direct  path  of  transmission  from  sensory  to  Reflex 
motor  cells  in  the  spinal  cord  is  known  as  a reflex 
arc.  The  significance  of  this  term  will  be  perfectly 
clear  when  one  considers  that  the  stimulus  received 


general  characteristics  of  Fiber  No.  4 will  be  easily  recognized. 
One  branch  of  this  fiber  may  be  especially  noted  as  the  path  of 
the  simplest  reflexes.  This  extends  into  the  anterior  portion  of 
the  gray  matter  of  the  cord,  where  it  comes  into  synaptic  rela- 
tion with  one  of  the  large  motor  cells.  This  cell  in  turn  sends 
its  axone  out  of  the  cord  into  the  spinal  nerve  A. 

The  long  fiber  marked  5 in  the  figure  api)ears  at  this  level  of  the  spinal 
cord  as  the  end  of  a fiber  which  has  descended  from  a higher 
level.  It  comes  into  synaptic  connection  with  a large  motor 
cell  in  the  anterior  region.  Other  connections  arc  indicated 
in  the  drawing.  In  the  schematic  representation  of  the  fibers, 
or  white  portion  of  the  spinal  cord,  certain  lines  are  introduced, 
which  indicate  that  the  various  groups  of  fibers  have  different 
functions.  Connections  of  the  nerve  cells  shown  in  the  sche- 
matic diagram  make  it  clear  that  the  different  portions  of  the 
gray  matter  in  the  cord  also  servo  distinct  functions.  Adapted 
from  chart  by  Striimpell  and  Jakob. 
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from  tlte  sensory  fiber  i.s  immediately  reflected  back 
to  the  surface  of  the  body,  where  it  sets  a muscle  in 
action.  Most  stimulations  received  through  the  sen- 
sory fibers  are  not  reflected  back  in  any  such  sim- 
ple fashion  to  the  surface  of  the  body.  They  are 
carried  upward  and  downward  to  levels  of  the  cord 
other  than  that  at  which  they  are  received  and 
their  influence  is  complicated  by  a great  variety  of 
redistributions,  l)efore  they  can  Ije  returned  to  the 
muscles  at  the  surface  of  the  body. 

A second  type  of  connection,  which  may  be  noted 
in  Figs.  12  and  13,  is  that  which  results  in  the  trans- 
mission of  the  stimulation  received  on  one  side  of 
the  body  to  the  motor  cells  on  the  opposite  side  of 
the  spinal  cord.  The  figures  show  that  the  spinal 
cord  is  a bilateral  organ.  An  anterior  fi.ssure,  a po.s- 
terior  septum,  and  a small  central  canal  divide  the 
spinal  cord  into  two  well-defined  halves.  There  are 
bridges  of  fibers  connecting  these  two  halves,  as  in- 
dicated in  Fig.  13.  Across  these  bridges,  or  commi.s- 
sural  connections,  stimulations  may  pass  from  one 
side  to  the  other,  and  thus  the  two  sides  of  the  bod}’' 
may  be  readily  united  in  any  form  of  action. 

An  important  type  of  transmission  through  the  cord 
is  that  mentioned  above  and  provided  for  by  the 
branches  of  the  spinal  nerve,  which  extend  upward  and 
downward  and  make  T possible  for  a single  incoming 
impulse  to  set  in  action  different  levels  of  the  cord. 

All  of  the  connections  which  have  been  discussed 
up  to  this  point  are  reflex  tracts.  There  is  another 
type  of  connection  in  the  spinal  cord.  The  branches 
of  the  sensory  nerves  which  extend  upward,  as  well 
as  certain  other  fibers  which  originate  in  the  cells  of 
the  spinal  cord  itself  and  extend  upward,  bring  the 
cord  into  relation  with  the  higher  parts  of  the  nervous 
system.  There  are  also  fibers  extending  downward 
into  the  cord  from  the  higher  centers.  These  fibers 
from  above  bring  motor  impulses  which  are  distrib- 
uted to  the  muscles  through  the  motor  cells  of  the 
cord.  The  cord  is,  therefore,  not  merely  a group  of 
reflex  centers;  it  is  also  a transmitting  organ  provid- 
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ing  for  comniuniciition  between  the  higher  centers 
and  the  surface  of  the  body. 

The  twofold  function  of  the  cord  is  closely  related 
to  the  structural  fact  that  the  cord  is  made  up  of 
a central  mass  of  cells  and  an  outer  layer  of  fibers. 
In  a section  of  the  cord  the  fibers  are  easily  distin- 
guished by  their  glistening  white  color,  while  the 
central  tissue  made  up  largely  of  cells  is  gray.  The 
gray  matter  can  be  thought  of  as  consisting  of  a series 
of  nerve  centers  capable  of  simple  reflex  processes. 
The  white  matter  contains  the  fibers  which  perform 
the  transmitting  functions  of  the  cord.  When,  for  any 
reason,  the  higher  organs  are  incapacitated,  the  lower 
reflex  centers  become  conspicuous  by  virtue  of  the  fact 
that  they  may  take  command  and  continue  the 
necessary  functions  of  the  body  for  a time.  This 
occurs,  for  example,  in  sleep,  when  the  spinal  cord 
acts  without  the  intervention  of  any  of  the  higher 
nervous  centers,  as  for  instance,  when  it  withdraws 
a limb  from  contact  with  a stimulus.  As  a system 
of  reflex  centers,  the  spinal  cord  is  quite  analogous 
to  that  portion  of  the  insect’s  nervous  system  which 
lies  below  the  ganglion  of  the  head. 

The  higher  nervous  centers  above  the  cord  are 
more  elaborate  organs,  but  they  are  in  essential 
structure  the  same  as  the  cord.  Below  the  cere- 
brum, every  organ  of  the  nervous  s}'’stem  may 
be  said  to  consist  of  a combination  of  relatively  in- 
dependent cell  centers  and  transmitting  tracts.  In 
the  cerebrum  the  transmission  to  higher  centers  is, 
of  course,  no  longer  possible,  and  the  central  function 
of  combination  and  redistribution  of  impulses  appears 
as  the  exclusive  function. 

In  the  cerebellum  the  central  function  predomi- 
nates. This  can  be  shown  by  examining  a section 
of  this  organ.  Figure  14  shows  one  of  the  lamellae,  or 
folds  of  the  cerebellum,  much  enlarged.  It  will  be 
seen  from  this  section  that  the  cells  lie,  not  in  the 
center  of  the  organ  as  in  the  spinal  cord,  but  at  the 
outer  surface.  Fibers  enter  the  cerebellum  in  bundles 
from  above  and  below,  and  terminate  in  a fine  network 
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of  fibrils  about  the  cells  which  are  situated  on  the 
surface.  The  surface,  which  is  technically  known 
as  the  cortex,  is  increased  very  greatly  in  extent  by 
the  folding,  which  can  be  seen  in  any  figure  represent- 
ing this  organ.  The  result  of  the  folding  is  that 

provision  is  made  for  an  enor- 
mous number  of  cells  in  a rel- 
atively small  cubical  space. 
Through  the  action  of  the  cells 
in  the  cerebellar  cortex,  an  im- 
pulse which  comes  into  the 
cerebellum  as  a single  impulse 
from  one  of  the  higher  centers, 
as,  for  example,  from  the  cere- 
brum, may  be  subdivided  into 
a great  number  of  currents  so 
as  to  arouse,  when  distributed 
to  the  active  organs,  a whole 
system  of  muscles.  Indeed, 
there  is  evidence  that  the  cells 
of  the  cerebellum  contribute  in 
the  way  indicated  to  muscular 
coordinations  in  all  parts  of 
the  body. 

From  the  cord  and  cere- 
bellum and  the  other  minor 
centers  of  the  nervous  S3’^stem, 
we  turn  to  the  cerebrum.  Our 
study  of  the  evolution  of  the 
nervous  system  showed  the 
dominating  importance  of  this 
organ  in  all  of  the  higher  ani- 
mals, especiall}''  in  man.  The 
cerebrum  is  a complex  organ 
to  which  sensory  impulses 
come  from  all  parts  of  the 
body  and  from  which  motor 
impulses  are  sent  out  to  all  the  voluntarj^  muscles. 
It  is  not  directly  connected  wdth  the  surface  of  the 
body,  but  is  indirectly  the  organ  in  control  of  all  parts 
of  the  body.  It  is  a central  clearing  house  for  the 


Fig.  14.  A diagrammatic 
section  through  a part 
of  one  of  the  folds  in 
the  cerebellum.  After 
Cajal.  A fiber  (a), 
entering  from  some 
other  part  of  the 
central  nervous  system, 
distributes  its  impulse 
to  the  small  cells  c and 
to  the  larger  cell  b. 
From  b,  the  stimulus 
is  carried  outward 
along  the  descending 
fiber.  d also  shows 
the  termination  of  an 
incoming  fiber.  The 
organs  here  figured 
serve  to  redistribute 
impulses  from  other 
parts  of  the  nervous 
system. 
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organism.  It  is  the  part  of  the  body  most  intimately 
related  to  consciousness. 

In  structure,  the  cerebrum  consists  of  an  external 
folded  or  convoluted  layer  of  cells  known  as  the  cor- 
tex. This  cortex  is  from  one  eighth  to  one  twelfth 
of  an  inch  in  thickness  and  shows  many  variations 
in  structure  in  its  different  parts.  To  these  vari- 


Fig.  1.5.  A diagrammatic  section  of  the  fibers  within  the  brain. 
After  Starr.  A,  B,  C,  D,  E,  tracts  of  fibers  to  and  from  the  cortex 
of  the  cerebrum  connecting  with  the  lower  parts  of  the  nervous 
system ; F,  G,  H,  groups  of  fibers  connecting  the  cerebellum 
with  other  parts  of  the  nervous  system.  The  whole  figure 
represents  what  would  be  seen  by  making  a vertical  section 
through  the  human  brain,  in  the  median  plane  perpendicular 
to  the  line  connecting  the  two  ears.  Dotted  areas,  cortex. 

ations  in  the  structure  of  the  cortex,  further  refer- 
ence will  be  made  later.  The  central  mass  of  the 
cerebrum  is  composed  of  fibers  which  provide  for 
the  connection  of  each  point  of  the  cerebral  cortex 
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with  every  other  part  of  the  nervous  system.  Tiie 
general  structure  of  the  cerebrum  may,  perhaps,  be 
comprehended  most  easily  by  referring  to  the  systems 
of  cerebral  fibers.  There  are  three  types  or  systems 
of  fibers.  Figures  15,  16,  and  17  represent  sections 


Fig.  16.  Shows  a lateral  section  through  one  hemisphere  of  the 
brain.  The  fibers  represented  in  this  figure  are  the  association 
fibers  connecting  different  parts  of  the  cortex.  From  Edinger. 


across  the  cerebrum  and  exhibit  these  various  typies 
of  fibers.  Large  bundles  of  fibers  (Fig.  15)  connect 
the  cerebrum  with  the  lower  parts  of  the  nervous 
system.  These  bundles  constitute,  as  a whole,  what 
is  known  as  the  bundle  of  peduncular  fibers.  A 
second  system  of  fibers  connects  the  different  points 
of  the  cortex  of  one  hemisphere  with  other  points 
in  the  same  hemisphere  (Fig.  16).  These  fibers 
are  technically  known  as  association  fibers.  The 
third  bundle  of  fibers  extends  from  one  hemisphere 
of  the  cerebrum  to  the  other  hemisphere.  The 
fibers  of  this  group  are  known  as  the  commissural 
fibers,  and  go  to  make  up  the  corpus  callosum  or 
bridge  of  fibers  conspicuous  in  any  median  section  of 
the  cerebrum. 
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No  clearer  evidence  of  the  function  of  the  cerebrum 
can  be  found  than  that  which  is  given  in  the  structure 
of  its  systems  of  fibers.  An  impulse  which  reaches  the 
cells  of  the  cerebral  cortex  through  the  sensory,  or 
incoming  fibers  of  the  peduncular  tract,  is  brought  to 
the  cortex  for  the  purposes  of  redistribution  and 
combination  with  other  impulses.  The  elaborate 
system  of  intercon- 
necting tracts  pro- 
vides for  indefinite 
combinations  and 
recombinations.  We 
shall  refer  in  all  of 
our  later  discussions 
to  the  organization 
of  nervous  processes 
which  goes  on  in  the 
cerebrum.  The  term 
organization,  so 
used,  refers  to  the 
fact  that  a nervous 
impulse,  when  it 
reaches  the  cere- 
brum, is  united  with 
other  impulses  and 
is  carried  along  com- 
plex series  of  paths, 
until  finally  it  is 
discharged  into  the 
motor  channels 
which  pass  outward 
to  the  muscles.  No 
impulse  which 

reaches  the  cere- 
brum can  escape 
combination  with  other  impulses;  the  purpose  of  the 
whole  structure  is  to  provide  channels  for  the  most 
complete  interconnections. 

The  cortex  of  the  cerebrum  has  a structure  of  such 
complexity  that  it  has  been  impossible,  until  very 
recently,  to  define  with  anything  like  certainty  its 


Fig.  17.  A transverse  section  across 
tlie  two  hemispheres  in  a plane  pass- 
ing vertically  through  the  cheek 
bones  parallel  to  a line  connecting 
the  two  ears.  This  section  shows 
the  fibers  which  establi.sh  communi- 
cation between  the  two  hemispheres. 
When  the  fibers  in  this  figure  are 
supplemented  by  those  represented 
in  the  two  preceding  figures,  it  will 
be  seen  that  every  point  on  the 
cortex  of  the  cerebrum  is  in  com- 
munication with  all  other  parts  of 
the  nervous  system.  From  Edinger. 
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various  parts.  Figures  18  and  19  repre.sent  two  typi- 
cally different  areas,  while  Fig.  20  shows  a diagrammatic 
representation  of  some  of  the  diffei'ent  elements  which 
are  characteristic  of  the  cerebrum.  Though  we  are  ig- 
norant of  many  of  the  details  of  cortical  structure,  we  are 
well  informed  as  to  the  functions  of  large  areas  of 
the  cortex.  The  cortex  may  be  divided  into  three 
kinds  of  areas  or  centers;  the.se  are  sensory  areas, 
motor  areas,  and  association  areas.  The  sensory 


Figs.  18  and  19.  These  figures  represent  portions  of  the  cerebral 
cortex  from  two  areas  of  the  human  brain.  Figure  18  shows 
the  sixth  and  seventh  layers  from  the  visual  cortex.  The  hori- 
zontal distribution  of  the  dendrites  of  the  large  pyramidal  cells 
is  characteristic  of  this  region.  In  Fig.  19  the  giant  pyramidal 
cells  from  the  motor  area  of  the  cortex  are  exhibited.  The 
dendrites,  it  will  be  observed,  are  of  an  entirely  different  char- 
acter from  those  shown  in  Fig.  18.  Furthermore,  the  size 
and  number  of  the  large  pyramidal  cells  are  very  different  in 
the  two  cases.  From  Cajal. 


areas  are  those  which  have  the  most  direct  relations 
to  the  various  organs  of  sense;  the  motor  areas  are 
those  which  stand  in  most  direct  relations  to  the 
active  organs.  There  is  no  part  of  the  cerebrum 
which  has  simple  and  immediate  relations  to  the 
surface  of  the  body,  so  that  the  terms  sensor}’^  and 
motor  are  merely  relative  terms,  the  sensor}^  centers 
being  those  points  at  which  the  stimulations  from 
the  organs  of  sense  are  first  received  in  the  cerebrum, 
the  motor  areas  being  those  points  from  which  the 
stimulations  pass  out  of  the  cerebrum  on  their  way  to 
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the  muscles.  The  association 
areas,  as  the  name  indicates,  are 
areas  of  a still  more  indirect  char- 
acter, in  which  sensory  impulses, 
after  being  received  in  the  sensory 
areas,  are  recombined  and  re- 
distributed. In  a very  proper 
sense  of  the  term,  all  cerebral 
areas  are  associative  areas,  for 
they  all  serve  the  function  of  in- 
direct combination  and  distribu- 
tion of  nervous  impulses.  Those 
which  are  specifically  designated 
as  associative,  have  claim  to  the 
specific  name,  because  they  per- 
form a function  of  even  higher 
combination  than  do  the  others. 
Figures  21  and  22  show  the  cen- 
ters of  these  types  which  appear 
on  the  surfaces  of  the  human 
cerebrum. 

It  may  be  interesting  to  digress 
for  a moment  from  the  structure 
of  the  cortical  centers  to  the  dis- 
cussion of  the  method  by  which 
these  centers  have  been  located. 
A great  number  of  experiments 
have  been  tried  on  the  higher 
animals.  Certain  of  the  areas 
have  been  artificially  stimulated, 
and  when  muscles  in  different 
parts  of  the  body  have  responded 
promptly  and  regularly  to  these 
stimulations,  the  connection  be- 
tween the  areas  stimulated  and 
the  muscles  thrown  into  action 
has  been  recorded.  Evidently, 
artificial  stimulations  of  this  kind 
would  be  of  little  value  in  locating 
sensory  or  association  areas,  for 
there  are  no  clearly  marked  mus- 


Fig.  20.  A diagram- 
matic section  show- 
ing the  structure  of 
the  cortex  of  the 
cerebrum.  On  the 
left-hand  side  of 
the  figure,  the  cells 
alone  are  shown.  On 
the  right-hand  side  of 
the  figure,  the  fiber 
systems  alone  are  in- 
dicated. The  figure 
does  not  represent 
adequately  the  com- 
plexity of  the  struc- 
ture. Many  small 
cells  are  not  here  rep- 
resented. A general 
impression, however, 
can  be  gained  from 
the  figure  of  the  com- 
plexity of  the  cortex. 
After  Edinger. 
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Fig.  21.  The  outline  of  the  lateral  surface  of  the  cerebrum  with 
the  typical  convolutions,  as  given  by  Flechsig.  The  shaded 
portions  indicating  the  sensory  and  motor  centers,  and  the  small 
circles  indicating  certain  well-defined  association  areas,  are 
given  according  to  Tschermak  in  Nagel’s  Handbuch  der  Physv- 
ologie  des  Menschen.  Vertical  lines  in  the  shaded  areas  indicate 
motor  areas,  horizontal  lines  indicate  sensory  areas,  oblique 
lines  indicate  sensory-motor  areas.  1,  1,  1,  1,  1 are  the  motor 
areas  for  the  toes  and  foot;  2,  Z,  2 are  the  motor  areas  for  the 
shoulder,  elbow,  and  wrist ; 3,  3,  3,  3 are  the  areas  for  the 
fingers  and  thumbs ; 4t  4,  4t  4 are  the  motor  areas  for  the  eye 
and  other  parts  of  the  face;  S is  the  center  for  the  vocal  cords; 
6,  for  the  tongue ; 7 is  the  sensory  area  for  the  head  ; S,  8,  8,  8 
are  the  sensory  areas  for  the  regions  to  which  motor  stimulations 
are  distributed  by  the  areas  1-6 ; 9,  9 are  the  sen.sorj--motor 
areas  of  the  trunk;  11,  visual  area  and  occipital  area  for  the 
eye  movements;  12,  auditory  area  and  temporal  center  for 
visual  fixation;  13,  olfactory  bulb ; Probably  olfactorj'  area. 
The  area  where  vertical  and  horizontal  lines  cross  between  the 
motor  areas  1-6,  and  the  sensory  areas  7,  8,  Ls  probably  con- 
nected with  the  muscle  sense.  A,  motor  writing  center;  B, 
Broca’s  motor  speech  center;  C,  probably  memory-motor  speech 
center;  D,  sensory  music  center;  E,  Wernicke’s  sensorj-  speech 
center;  F,  memory-sen.sory  speech  center;  G,  memorj^  reading 
center;  H,  sensory  reading  center.  All  of  these  lettered  areas 
are  associational  centers. 

cular  effects  when  the  stimulus  is  applied  to  areas  other 
than  those  directly  related  to  the  muscles.  For  ex- 
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Fig.  22.  Represent.^  the  median  surface  of  the  human  cerebrum  and 
shows,  as  in  Fig.  21,  the  various  areas.  8,  sensory  area  for  the 
lower  extremities;  9,  9,  sensory-motor  areas  for  the  trunk; 
10,  motor  area  of  the  lower  extremities;  11,  visual  area  and  oc- 
cipital motor  area  for  visual  fixation;  13,  olfactory  bulb;  14, 
probably  olfactory  area;  16,  15,  15,  15,  olfactory  areas;  16,  16, 
probably  gustatory  areas.  For  reference  to  authorities  for  this 
figure,  see  Fig.  21. 


ample,  the  stimulation  of  the  visual  center  would  show 
only  the  motor  effects  of  such  stimulation  and  would 
not  give  any  clear  indication  of  the  sensory  character 
of  the  area. 

A second  type  of  experiments  which  have  been  Extirpation 
productive  of  results  depends  upon  extirpation  of  parisoT’Jf 
the  tissues.  Certain  areas  of  the  cerebral  cortex  of 
animals  are  cut  or  burned  out,  and  the  loss  in  func-  ““ 
tion  resulting  from  this  removal  of  the  nervous  tissue 
is  carefully  studied.  This  method  can  be  used  in 
the  locating  of  both  sensory  and  motor  centers.  There 
are  cases  of  di.sea.se  of  the  human  nervous  system 
analogous  to  these  cases  of  extirpation  in  animals, 
and  careful  study  of  the  loss  of  human  functions 
shows  that  the  human  cortex  is  subdivided  in  much 
the  same  way  as  that  of  the  higher  mammals. 
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There  are  other  method.s  of  investigating  cereljral 
areas  which  deal  with  the  internal  structures.  One  of 
the  most  productive  of  the.se  methods  depends  upon 
the  fact  that  the  different  areas  of  the  cerebrum  do  not 
develop  at  exactly  the  same  period  in  the  embr}mlogi- 
cal  or  infant  life  of  a human  being.  The  human  ernbr3’o 
exhibits  in  its  early  stages  a development  of  the  ner- 
vous system  about  the  central  fold  or  fi.ssure,  known  as 
the  fissure  of  Rolando.  This  area  of  earliest  develop- 
ment is  in  the  region  marked  in  Fig.  21  as  the  motor 
area  and  the  area  of  tactual  sensitivity.  Later,  the 
nervous  system  matures  in  the  remaining  sensory  cen- 
ters in  such  sequence  that  it  is  po&sible,  by  the  stud\’^  of 
the  microscopic  anatomy,  to  secure  a fairl}'^  complete 
chronological  account  of  the  development  of  the  differ- 
ent regions.  The  association  areas  are  the  latest  to 
develop.  Indeed,  in  the  association  areas  the  develop- 
ment can  be  traced  for  a period  after  birth,  and  indirect 
evidence  seems  to  make  it  clear  that  the  development 
goes  forward  well  on  into  mature  life. 

The  visual  area  in  the  occipital  region,  as  indicated 
in  Figs.  21  and  22,  is  the  area  through  which  impulses 
resulting  from  retinal  stimulation  are  first  introduced 
into  the  cerebrum.  A similar  area  for  the  reception  of 
auditory  impulses  appears,  as  indicated  in  the  figure,  jast 
below  the  Sylvian  Fissure.  Without  entering  further 
into  a discussion  of  the  various  centers,  it  will  be  enough 
to  call  attention  to  the  relation  between  the  visual  and 
auditory  areas  and  the  association  area  l}dng  between 
them.  The  association  area  in  question,  known  as  the 
parietal  association  area,  has  developed  in  the  course  of 
the  evolution  of  the  cerebrum  between  the  visual  and 
the  auditory  centers  as  the  area  in  which  the  stimula- 
tions from  these  two  centers  may  be  brought  together  and 
combined.  There  are  many  evidences  that  the  combina- 
tions of  visual  and  auditory  impulses  do,  as  a matter  of 
fact,  go  on  in  the  parietal  association  center.  For  ex- 
ample, there  is  in  this  parietal  region  one  area  which  is  of 
extreme  importance  in  the  function  of  speech.  If  this 
area  is  disturbed,  the  individual  maj’’  remain  quite 
capable  of  receiving  visual  impressions  through  his 
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eyes  and  of  receiving  auditory  impressions  through  his 
ears.  He  may  even  be  capable  of  articulation,  which 
is  a motor  function,  but  he  will  lack  the  ability  to  inter- 
pret the  impressions  which  he  receives  when  he  hears 
or  sees  words  or  to  give  expression  to  a coherent  series 
of  ideas.  The  area  in  question  has,  therefore,  been 
designated  as  the  ideational  area.  It  is  ideational 
rather  than  sensory,  because  it  is  the  seat  of  a series  of 
functions  more  elaborate  than  those  which  are  involved 
in  the  mere  reception  of  impressions.  It  is  the  center 
for  the  combination  of  visual  or  auditory  impressions. 
More  than  this,  the  association  area  is,  undoubtedly, 
a center  which  becomes  more  and  more  highly  organ- 
ized through  use,  so  that  the  influence  of  the  area 
upon  any  present  impulses  is,  doubtless,  such  that  we 
are  justified  in  saying  that  it  adds  to  these  impulses 
the  effects  of  past  experience.  In  an  important  sense, 
it  associates  present  impressions  with  past  impressions, 
as  well  as  combines  present  impressions  from  different 
senses.  It  thus  serves  in  a large  way  the  function  of 
a reorganizing  center  for  visual  and  auditory  impres- 
sions. 

Another  important  fact,  which  will  be  observed  imme- 
diately on  inspection  of  Figs.  21  and  22,  is  that  the  gen- 
eral motor  area  occupies  a relatively  central  position 
in  the  cerebrum.  The  area  of  touch  and  of  general 
sensibility  seems  to  offer  an  exception  to  the  general 
rule  of  distribution  of  sensory  and  association  centers 
around  the  motor  area.  This  sensory  area  is  not  sepa- 
rated from  the  motor  area  by  an  association  area,  as  are 
the  other  sensory  centers.  We  see  in  this  relation  of 
the  cerebral  centers  for  touch  and  movement  the 
structural  fact  which  corresponds  to  the  functional 
fact  that  the  skin  and  other  tissues  which  give  rise  to 
tactual  sensations  would  naturally,  as  the  earliest  or- 
gans, stand  in  so  intimate  a relation  to  the  muscles  that 
the  later,  more  highly  developed  organs  of  sense,  could 
not  be  expected  to  duplicate  this  relation.  As  the 
primitive  tactual  sensory  surfaces  came  to  be  supple- 
mented by  newer  and  more  highly  specialized  organs 
of  sense,  the  nervous  centers  for  the  newer  senses  were 
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forced  to  take  up  more  remote  and  complex  relations 
to  the  motor  area,  while  the  original  senses  did  not 
lose  the  intimate  relation  which  they  bore  from  the 
first.  The  development  of  the  higher  senses  furnished 
also  opportunity  for  greater  variety  in  the  combina- 
tion of  sensory  impulses,  coasequently  the  associative 
functions  and  areas  increa.sed  with  the  development  of 
variety  in  the  sensory  functions.  The  a.s.sociation  cen- 
ters, which  are  the  structural  areas  given  up  to  the 
functions  of  working  over  sen.sory  impulses,  naturally 
developed  between  the  centers  which  performed  func- 
tions of  reception,  or  the  sensory  functions,  and  tho.se 
which  performed  the  functions  of  motor  discharge. 
The  topography  of  the  cerebral  centers  thus  reflects 
directly  the  gradual  evolution  of  more  and  more 
elaborate  systems  of  nervous  organizations. 

Another  group  of  facts  which  will  serve  to  make 
clear  the  character  of  the  association  areas  is  to  be 
found  by  examining  that  portion  of  the  cerebrum 
which  is  known  as  the  speech  area.  This  region  of  the 
brain  was  first  recognized  by  the  anthropologist  Broca 
as  intimately  related  to  the  functions  of  speech.  He 
found  that  disease  in  this  area  resulted  in  impairment 
of  the  patient’s  ability  to  use  or  understand  language. 
Later  studies  of  aphasia,  as  the  pathological  loss  of 
speech  is  called,  have  increased  our  knowledge  of  this 
area,  especially  since  it  has  become  possible  through  the 
examination  of  a large  number  of  cases  to  distinguish 
a variety  of  forms  of  partial  aphasia.  Thus,  a person 
may  be  able  to  understand  words  which  he  hears, 
but  be  quite  unable  to  understand  words  which  he  sees 
on  a printed  page.  This  form  of  so-called  vi.sual  apha- 
sia is  paralleled  by  forms  of  auditory  aphasia,  in  which 
the  subject  is  able  to  read,  but  cannot  understand 
words  which  he  hears  spoken.  These  two  forms  of 
partial  aphasia  indicate  that  the  connection  between 
the  speech  center  and  the  visual  center  may  be  inter- 
rupted without  destroying  the  connection  between  the 
speech  center  and  the  auditory  center.  If  the  disease 
of  the  speech  center  is  strictly  localized  so  as  to  inter- 
rupt only  its  connection  with  the  visual  center,  the 
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other  functions  may  remain  intact,  while  the  visual 
forms  of  recognition  of  language  are  interrupted. 
Turning  now  to  the  various  forms  of  motor  aphasia  as 
distinguished  from  the  forms  of  sensory  aphasia  men- 
tioned, we  have  equally  clear  evidence  of  the  nature 
of  the  association  center.  An  individual  may  lose  the 
power  of  articulation  without  losing  the  ability  to 
write,  or  he  may  lose  the  ability  to  write  without  losing 
the  ability  to  articulate.  In  either  one  of  these  forms 
of  motor  aphasia,  the  subject  may  be  comparatively 
free  from  sensory  deficiencies.  The  lack  of  ability 
to  articulate,  when  all  of  the  other  phases  of  the  function 
of  speech  are  present,  shows  that  the  connection  with 
the  visual  and  auditory  centers  may  be  complete, 
as  well  as  the  connection  with  the  motor  area  for  the 
hand  movement  involved  in  writing,  while  the  motor 
connection  with  the  center  which  sends  impulses  to 
the  muscles  of  the  vocal  cords  may  be  temporai’ily  or 
permanently  interrupted. 

Broca’s  convolution  thus  turns  out  to  be  an  associa- 
tion area  in  which  a great  variety  of  lines  of  connection 
converge.  It  is  not  a part  of  the  nervous  system  which 
acts  independently  in  the  control  of  a separate  faculty 
of  speech;  it  gains  its  significance  in  the  individual’s 
life  by  virtue  of  the  control  which  it  acquires  as  a center 
for  the  organization  of  stimulations  received  in  other 
parts  of  the  cortex  and  carried  through  the  cells 
and  fibers  in  this  area  in  process  of  transmission  to  the 
motor  area. 

It  may  be  well  to  call  attention  at  this  point  to  the 
fundamental  distinction  between  the  teachings  of 
phrenology  and  the  discoveries  of  modern  brain  physiol- 
ogy. Phrenology  maintained  that  different  parts  of 
the  brain  are  given  over  to  different  faculties.  For 
example,  phrenology  believed  in  a certain  area  for  the 
recognition  of  form,  another  area  for  the  recognition 
of  number,  an  area  for  the  function  of  parental  love, 
and  one  for  the  general  trait  of  combativeness.  There 
is  no  justification  for  a theory  of  localization  based  upon 
a subdivision  of  consciousne.ss  into  such  mythological 
faculties.  The  cortical  area  can  be  subdivided  along 


Broca’s 
convolu- 
tion, an 
association 
center. 


Phrenology 
not  in  ac- 
cord with 
clearly 
known 
facts. 


58 


PSYCHOLOGY 


Frontal 

association 

area. 


the  lines  of  sensory  impulses  and  motor  impulses 
and  their  organization  in  association  areas.  Conscious 
processes  must  be  considered  as  having  their  physio- 
logical conditions,  not  in  separate  points  assigned  to 
imaginary  faculties,  but  rather  in  the  organized  activity 
of  sensory,  motor,  and  association  areas.  For  example, 
the  recognition  of  form  naturally  includes  certain 
sensory  functions  and  certain  a.ssociative  processes. 
The  general  neural  basis  for  such  sensory  and  associa- 
tive processes  we  know,  as  has  been  shown  in  the  fore- 
going paragraphs.  To  be  sure,  we  do  not  know  at 
the  present  time  all  the  details  of  the  cerebral  map, 
but  the  broader  outlines  are  too  clearly  defined  to 
leave  any  room  for  mistaken  notions  with  regard  to 
the  kind  of  functions  which  are  provided  for  in  the 
different  areas  of  the  cerebrum. 

One  area  of  the  cerebrum  which  has  been  the  subject 
of  much  speculative  discussion  is  the  frontal  area,  or 
that  portion  of  the  cerebrum  which  lies  in  front  of  the 
motor  area.  In  certain  cases  large  portions  of  this 
area  have  been  destroyed  without  apparent  inter- 
ference with  the  individual’s  normal  functions.  There 
is  a famous  case  known  as  the  American  Crowbar  Case, 
in  which  a common  laborer,  through  an  accident 
in  blasting,  had  a very  large  portion  of  this  frontal 
lobe  removed  by  a crowbar  passing  through  the  roof 
of  his  mouth  and  out  through  the  top  of  his  skull.  The 
individual  in  question  continued  to  live  wnth  no  serious 
interruption  of  his  regular  nervous  or  ph3’^sical  functions. 
Such  cases  as  this  may  possibly  indicate  that  the 
association  areas  are  not  fully  developed  in  some 
individuals.  In  general,  it  is  doubtless  true  that 
association  areas,  more  than  other  parts  of  the  nervous 
system,  are  left  open  for  development  through  individ- 
ual experience.  If  this  conception  is  accepted,  it  is 
not  surprising  that  an  individual  might  be  deprived 
of  the  possibility  of  further  development,  or  even  of 
some  of  his  higher  forms  of  association  without  the 
loss  being  obvious  to  himself  or  to  those  who  observe 
him.  Recent  experiments,  which  have  been  tried  in  the 
extirpation  of  the  small  frontal  area  in  cats  and  monke3’S, 
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show  clearly  that  the  frontal  area  is  the  part  of  the 
nervous  s}"stem  involved  in  newly  acquired  habits. 
The  fact  that  man,  who  alone  of  all  the  animals  has  a 
large  frontal  lobe,  is  the  learning  animal  par  excellence, 
further  confirms  the  general  view  derived  from  these 
e.xperiments. 

The  foregoing  brief  description  of  the  human  nervous 
system  has  omitted  many  of  the  details  of  organization 
in  the  hope  of  leaving  a general  impression  of  the  com- 
plexity and  intimacy  of  the  relations  which  exist  be- 
tween the  parts  of  this  system.  Everywhere  there  are 
paths  for  the  reception,  combination,  and  discharge 
of  impulses  received  from  external  stimuli.  The  ner- 
vous system  transforms  sensory  impulses  into  motor 
impulses.  It  does  much  more  than  this.  It  transforms 
sensory  impulses  from  all  parts  of  the  surface  of  the 
body  into  harmonious,  associated  impulses,  and  then 
it  distributes  these  associated  impulses  to  the  various 
muscles  of  the  body  in  coordinated  systems  of  motor 
discharge  which  result  in  effective  movements  of  the 
muscles.  The  system  of  organizing  centers  is  so 
highly  developed  that  in  the  cerebrum,  regions  are  set 
apart  for  the  purpose  of  reorganization  and  redis- 
tribution. It  is  in  connection  with  this  highest  type 
of  reorganization  that  consciousness  appears. 

This  last  statement  regarding  the  relation  of  con- 
sciousness and  cerebral  activity  brings  us  to  the  thresh- 
old of  our  psychological  problem.  Our  approach  to 
the  problem  of  consciousness  has  been  of  set  purpose, 
indirect  and  objective.  The  ordinary  man  is  first  aware 
of  his  conscious  experiences  and  only  very  remotely 
aware  of  his  nervous  system.  It  is  for  this  reason  that 
man  has  been  disposed  to  treat  his  conscious  life  as  a 
reality  apart  from  other  realities.  Consciousness  is, 
indeed,  the  only  reality  open  to  direct  introspective 
observation.  When,  on  the  other  hand,  the  student 
approaches  consciousness  from  the  objective  side  and 
notes  how  the  higher  nervous  organizations  are  grad- 
ually evolved  from  a long  series  of  lower  forms,  he  is 
sometimes  baffled  to  find  in  the  evolutionary  scheme 
any  place  for  consciousness.  The  active  processes 
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of  animals  develop  in  successive  degrees  of  complexity 
from  the  reflex  movements  of  the  lowest  animals  pro- 
vided for  in  the  lowest  forms  of  the  nervous  system,  up 
to  the  most  elaborate  purposive  movements  of  an  intel- 
ligent man.  It  seems  easy  to  adopt  a purely  mechani- 
cal explanation  for  the  lower  processes  and  to  pass 
from  this  mechanical  explanation  of  reflexes  without 
interruption  to  a mechanical  explanation  of  the  mo.st 
complex  forms  of  behavior.  The  pre.sence  of  con- 
sciousness is  more  or  less  of  an  embarra.ssment  to  one 
who  takes  this  view  of  behavior,  for  it  tends  to  delay 
the  easy  progress  of  his  explanation  from  the  point  of 
reception  of  the  stimulation  to  its  point  of  motor  dis- 
charge. The  result  is  that  the  student  of  the  human 
nervous  system  often  disregards  eonsciousne.ss  and  looks 
upon  the  neural  series  as  complete  without  reference 
to  experience,  or  at  most  he  admits  the  experience 
series  as  a parallel  but  inefficient  train  of  proce.s.ses. 

The  student  of  psychology  cannot  overlook  the 
relation  of  consciousness  to  neural  processes  as  does  the 
ordinary  observer,  nor  can  he  be  satisfied  to  ignore  con- 
sciousness, as  is  sometimes  done  in  science.  He  mast 
consider  the  facts  with  a view  to  both  the  objective 
and  subjective  demands.  It  seems  to  be  true  that  the 
lower  animals  have  little  conscious  experience;  their 
nervous  structures  are  very  dependent  on  external 
forces  which  initiate  and  control  action  to  such  an  extent 
that  the  whole  life  of  the  animal  is  controlled  directl}’’ 
by  the  external  excitations  which  act  upon  its  organs 
of  sense.  As  we  ascend  the  scale,  the  function  of  neural 
transmission  is  supplemented  in  ever  increasing  degree 
by  the  function  of  internal  organization.  The  signifi- 
cance of  this  internal  organization  may  be  expressed 
by  the  statement  that  the  animal  becomes  more  and 
more  organized  and  individuated.  When  a stimulus 
acts  upon  a highly  individuated  animal,  the  effect  of 
the  stimulus  sooner  or  later  comes  back  into  the  outer 
world  in  the  form  of  a muscular  movement,  but  the 
form  of  muscular  contraction  is  determined  in  relatively 
large  measure  by  the  internal  structure  of  the  animal 
and  only  in  a small  degree  by  the  external  stimulus. 
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What  has  been  said  about  individuation  has  its  most 
complete  exemplification  in  those  highest  animals  which 
are  possessed  of  cerebral  centers  for  the  indirect  asso- 
ciative organization  of  sensory  impulses.  In  man,  for 
example,  the  path  of  transmission  from  sensory  impulses 
to  the  muscles  is  so  long  and  devious  that  the  path  is  in- 
comparably more  important  than  the  impulse  which 
travels  along  it.  In  fact,  transmission  is  here  swal- 
lowed up  in  a process  of  organization  so  elaborate 
and  complete  that  any  scientific  study  of  man  will 
be  obliged  to  lay  its  greatest  emphasis  on  the  organs 
and  processes  of  association  and  fusion,  not  neglect- 
ing, to  be  sure,  the  organs  of  reception,  transmission, 
and  movement,  but  regarding  them  all  as  subser- 
vient to  the  higher  forms  of  organized  central  activity. 

With  the  evolution  of  higher  forms  of  internal  organi- 
zation, there  has  come  into  the  world  a unique  system 
of  facts  which  we  designate  as  the  facts  of  individual 
experience.  These  individual  experiences  depend  upon 
all  the  conditions  which  surround  individual  life,  but 
they  are  more  than  these  conditions.  The  analogy 
which  helps  us  in  understanding  this  statement  is  the 
analogy  of  life  in  general.  There  are  certain  physical 
and  chemical  agencies  necessary  to  the  development  of 
life,  but  life  must  be  treated  as  a unique  combination 
of  these  agencies.  The  recognition  of  the  fact  that 
organization  of  living  matter  is  more  significant  for 
the  understanding  of  life  than  is  the  enumeration  of  the 
elements  which  are  brought  together  in  this  organiza- 
tion, does  not  for  a moment  ignore  the  elements  which 
constitute  the  living  organism,  but  does  call  attention 
to  the  unique  product  of  their  organization.  Similarly 
with  conscious  experience,  it  cannot  be  regarded  as 
standing  alone,  explicable  without  reference  to  the 
sensory  and  motor  processes,  or  without  reference  to  the 
proces.ses  of  nervous  organization  with  which  it  appears 
to  dev’elop  in  the  animal  world.  Experience  is,  how- 
ever, a unique  fact.  When  one  has  described  the  ner- 
vous organization  of  an  animal,  he  must  say  that  this 
organization  is  the  condition  of  experience,  but  it  is 
not  identical  with  experience.  Experience  is,  like  life, 
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related  to  organized  pliysioltigical  structure.s;  it  is,  how- 
ever, a body  of  proees.ses  constituting  a world  of 
reality  which  cannot  be  either  overlooked  or  subordi- 
nated to  the  conditions  of  organization  which  make 
it  possible.  Indeed,  experience  has  a type  of  reality 
which  justifies  the  as.sertion  that  it  is  the  primary 
reality.  For  the  individual,  the  world  of  experience  is 
so  essentially  the  center  of  his  unity  and  of  his  exist- 
ence that  all  of  his  other  attributes,  such  as  physical 
organs,  even  though  they  are  related  to  experience, 
are  seen  only  indirectly  through  experience.  Thus, 
when  we  wish  to  know  the  nervous  conditions  of 
our  experience,  we  are  obliged  to  study  ourselves 
through  experience  and  to  arrive  by  a series  of  indi- 
rect observations  and  inferences  at  a full  knowledge  of 
all  these  conditions. 

The  physiological  conditions  of  experience  do  not 
lose  reality  because  they  can  be  studied  only  through 
experience  itself,  neither  does  experience  lose  its  reality 
because  its  conditions  are  known.  The  difficulty  in  the 
whole  situation  is  that  the  individual  who  is  trying  to 
explain  and  understand  himself  sometimes  loses  sight 
of  the  central  fact  of  his  own  mental  life,  as  he  explores 
the  conditions  which  surround  this  central  personality. 
The  central  personality  is  taken  so  much  for  granted 
that  scientific  description  tends  to  deal  with  all  that 
leads  up  to  jDersonality,  and  there  it  stops,  finding  its 
chief  subjects  of  thought  in  these  surrounding  facts, 
rather  than  in  the  central  result  of  all  the  organized 
conditions.  Some  day  the  historian  of  thought  \\*ill 
write  it  down  as  one  of  the  curious  fallacies  of  im- 
mature science  that  certain  physiologists,  biologists, 
and  even  psychologists,  were  satisfied  to  call  their  own 
personalities  mere  by-products,  without  essential  sig- 
nificance in  the  world,  just  because  the}'’  did  not  find 
consciousness  capable  of  description  in  the  regular 
scientific  formulas  adopted  for  the  discussion  and  ex- 
planation of  external  reality.  One  hardly  knows  how 
to  find  phrases  in  which  to  answer  those  who  hold  con- 
sciousness to  be  less  real  and  potent  than  iDhysical 
forces.  Certainly,  nature  has  protected  and  conserved 
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consciousness  throughout  the  wliole  development  of 
tlie  aniiniil  kingdom.  Certainly,  the  world  is  different 
because  consciousness  has  been  evolved.  Certainly,  con- 
sciousness is  no  less  real  than  are  its  conditions;  and, 
finally,  consciousness  is  certainly  much  more  directly 
approachable  to  the  student  of  science  than  is  matter. 

The  proper  course  for  the  psychologist  is  clear  before 
him.  He  should  not  ignore  the  conditions  of  mental 
life  whenever  he  can  find  them,  nor  should  he  ignore 
the  unique  reality  of  consciousness.  It  is  the  laws  of 
consciousness  which  he  is  to  investigate,  securing  all 
the  light  he  can  upon  his  problem  by  a study  of  physi- 
ological conditions,  but  recognizing  in  mental  life  a 
series  of  facts  distinct  from  any  of  the  physiological  pro- 
cesses which  condition  consciousness.  If  he  finds  in 
the  study  of  the  nervous  sj^stem  evidence  that  conscious- 
ness is  a S3'stem  of  highly  organized  processes,  let  him 
utilize  this  discovery  in  tracing  out  the  details  of  con- 
scious life.  If  he  finds  evidence  that  consciousness  is 
conditioned  by  sensory  processes  and  by  the  demand 
made  upon  the  individual  for  organized  motor  reactions, 
let  him  again  utilize  these  evidences  in  gaining  a clear 
view  of  the  nature  of  particular  conscious  processes. 
On  the  other  hand,  when  he  comes  to  explain  the 
reaction  of  an  individual  upon  his  environment,  let  him 
recognize  the  fact  that  reaction  preceded  by  conscious 
deliberation  is  more  complex  and  more  indirect  than 
reflex  action  or  any  of  the  forms  of  action  which  can 
appropriately  be  described  as  purely  mechanical  in 
character. 

It  will  be  the  purpose  of  subsequent  studies  to  carry 
out  in  detail  the  outline  here  given  of  the  proper  course 
for  psychology  to  follow.  Consciousness  will  be  studied 
in  its  special  forms  and  in  its  unity  as  constituting  a 
centralized  individuality.  The  conditions  of  conscious- 
ness will  constantly  be  kept  in  mind.  Finally,  the 
relation  of  conscious  organization  to  individual  life 
and  adaptation  will  be  studied.  There  will  be  no  effort 
to  treat  consciousness  as  a reality  apart  from  its  con- 
ditions, nor  will  there  be  any  effort  to  ignore  the  ex- 
istence of  consciousne.ss  as  a unic[ue  fact  in  the  world 
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Up  to  this  point  in  our  discussion,  the  references  to 
consciousness  have  been  in  general  terms.  No  account 
has  been  taken  of  the  fact  that  there  are  a great  variety 
of  different  forms  of  mental  activity.  This  treatment  of 
consciousness  as  a general  fact  was  legitimate,  so  long 
as  our  problem  was  the  definition  of  the  broad  relations 
of  consciousness  to  the  other  aspects  of  life.  A com- 
plete account  of  consciousness  means,  however,  much 
more  than  has  been  involved  in  these  general  discu.s- 
sions.  The  various  forms  of  mental  activity  must  be 
examined  in  detail,  their  special  conditions  and  char- 
acteristics must  be  investigated,  and  their  relations 
to  each  other  must  be  fully  defined.  It  is  onh’^  by  thus 
studying  all  phases  of  experience  that  a full  explanation 
of  conscious  life  is  to  be  worked  out. 

There  are  a great  variety  of  ways  in  which  the  facts 
of  mental  life  may  be  classified.  The  ordinary  thinker 
who  is  not  interested  in  the  conditions  of  consciou-sness, 
but  is  interested  in  giving  some  practical  description  of 
his  inner  moods  and  intellectual  achievements,  uses 
freely  such  distinctions  as  pleasure  and  pain,  ideas 
and  fanciful  imaginations,  resolutions  and  decisions. 
When  we  take  up  the  scientific  study  of  consciousness 
these  popular  distinctions  constitute  at  once  a series 
of  valuable  suggestions  and  a source  of  confusion. 
An  analogy  will  help  us  to  understand  why  a popular 
classification  of  facts  very  often  serves  badly  the  pur- 
poses of  science.  If  an  untrained  observer  were  asked 
to  describe  the  different  parts  of  the  body,  he  would 
naturally  begin  by  distinguishing  certain  of  the  gross 
parts  of  the  body.  He  would  speak  of  arms  and  legs, 
of  face  and  back,  and  other  parts  which  are  very  obvious 
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or  are  of  special  practical  interest.  Science  finds, 
however,  that  the  distinction  between  the  organs  of 
the  body  must  follow  other  lines.  Instead  of  treating 
the  arms  and  legs  as  fundamental  subdivisions  of  the 
bodily  structure,  science  emphasizes  the  distinction 
between  muscles  and  bones.  The  face  is  recognized 
as  by  no  means  a unitary  structure;  it  is  made  up  of 
organs  of  sense,  of  mastication,  of  respiration,  and  so 
on.  In  much  the  same  way,  popular  distinctions  of 
the  different  phases  of  experience  must  be  revised 
before  they  can  be  used  by  science.  A striking  illus- 
tration of  this  is  to  be  seen  in  the  fact  that  in  popular 
thought  pleasure  and  pain  are  usually  treated  as  facts 
of  the  same  order,  though  contrasted  in  quality.  A 
moment’s  consideration  will  make  it  clear  that  pain 
ordinarily  arises  from  some  definite  point  in  the  body. 
It  is  a type  of  experience  which  we  classify  in  science 
along  with  those  experiences  which  come  from  the 
stimulations  of  the  skin  or  the  inner  surfaces  of  the 
body  and  are  technically  known  as  sensations.  Pleas- 
ure, on  the  other  hand,  has  a totally  different  type 
of  origin.  It  is  not  a phase  of  sensation ; it  does  not 
come  from  particular  points  of  stimulation.  It  must 
be  treated  as  a type  of  experience  which  grows  out  of 
general  organic  excitations  of  a much  more  central 
character  than  those  which  are  involved  in  the  produc- 
tion of  pain.  Again,  such  a term  as  attention,  which 
has  a large  practical  use  in  ordinary  life,  is  one  of  the 
most  confusing  terms  when  it  is  carried  over  into 
scientific  study.  If  one  recognizes,  as  he  must  in 
psychology,  that  attention  is  capable  of  a great  variety 
of  different  degrees,  he  will  find  it  possible  to  extend 
this  term  over  every  possible  experience.  There  are 
forms  of  intense  and  vivid  consciousness  for  which  some 
term,  such  as  vividness  or  attention,  is  undoubtedly 
required  in  science.  There  are  other  forms  of  conscious- 
ness which  are  relatively  vague  and  indistinct,  yet 
when  dealing  with  these  cases  we  cannot  fail  to  rec- 
ognize the  nece.ssity  of  using  the  word  “attention”  or 
some  such  phrase  as  “low  degree  of  attention,”  if  we 
have  adopted  the  word  into  our  scientific  vocabulary. 
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The  distinction  between  attention  and  consciousness  as 
a whole  is  therefore  difficult  to  define.  These  illustra- 
tions will  make  clear  the  problem  which  confronts  psy- 
chology when  the  attempt  is  made  to  secure  an  analysis 
which  is  at  once  satisfactory  for  purposes  of  scientific 
treatment  and  explanation,  and  in  keeping  with  ordi- 
nary introspective  observations. 

In  the  history  of  psychology,  many  efforts  have  been 
made  to  develop  an  appropriate  scientific  cla.ssification 
of  mental  processes.  One  of  the  cla.ssifications  which 
was  for  a long  time  generally  accepted  is  that  which 
grouped  all  forms  of  experience  under  the  three  general 
heads  of  knowledge,  feeling,  and  volition.  There  can 
be  no  doubt  that  such  a threefold  clas.sification  de- 
scribes certain  fundamental  differences  in  conscious 
experience.  The  man  who  is  engaged  in  thinking  out 
some  problem  of  science  is  certainly  not  at  that  moment 
absorbed  in  an  intense  feeling  or  emotion.  On  the 
other  hand,  the  man  who  is  thoroughly  angry  over  some 
situation  which  has  arisen,  is  by  no  means  in  a con- 
dition to  consider  logically  and  judiciously  the  facts 
which  appeal  to  his  thoughtful  neighbor  who  is  free  from 
emotional  excitement.  It  is  somewhat  more  difficult 
to  justify  the  classification  of  volition  as  different  from 
knowledge  and  feeling,  for  no  serious  thought  is  pos- 
sible without  some  voluntary  effort,  and  no  emotion 
ever  arises  without  inducing  some  form  of  action. 
Yet,  even  though  volition  is  intimately  interwoven 
in  all  forms  of  knowledge  and  feeling,  there  are  certain 
cases  of  decision  which  are  not  to  be  regarded  as  typical 
processes  of  knowing,  or  processes  of  feeling;  hence,  the 
term  volition  is  needed  for  a full  description  of  mental 
activities. 

Another  somewhat  different  type  of  classification  has 
been  used  by  certain  writers;  according  to  this,  onl}’’ 
two  different  types  of  experience  are  distinguished, 
namely,  knowledge  on  the  one  hand,  and  active  pro- 
cesses on  the  other.  This  twofold  classification  offers 
less  difficulty  to  explanatory  science  than  the  three- 
fold classification,  because  it  is  more  general.  In  bring- 
ing together  a great  variety  of  facts  under  the  active 
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processes  so-called,  we  are  freed  from  the  necessity 
of  making  any  sharp  distinction  between  the  feelings, 
which  are  undoubtedly  active  aspects  of  conscious- 
ness, and  decisions,  which  from  any  point  of  view 
must  be  regarded  as  active. 

The  general  difficulty  with  the  threefold  classification 
and  also  with  the  twofold,  is  that  they  are  by  no  means 
detailed  enough  to  serve  as  the  basis  for  the  discus- 
sion of  the  different  varieties  of  consciousness.  This 
appears  at  once  in  the  fact  that  knowledge  must  be 
subdividetl  into  a variety  of  forms,  and  when  this  sub- 
division is  made,  we  find  that  our  minor  subdivisions 
conflict  with  the  major  subdivisions  with  which  we 
started.  For  example,  whenever  one  distinguishes  as 
forms  of  knowing  the  two  processes  of  comparison  and 
discrimination,  he  finds  it  extremely  difficult  to  jus- 
tify his  classification  of  forms  of  knowledge  without 
reference  to  activity.  Again,  it  is  not  easy  to  find  in  the 
threefold  or  twofold  classifications  a suitable  place  for 
the  general  function  of  memory.  In  habits  we  give 
expression  to  forms  of  behavior  which  have  been  brought 
over  from  past  experience,  while  in  the  incidental 
recollection  of  some  earlier  experience  we  may  seem 
to  be  almost  entirely  passive,  dependent  on  the  chance 
revival  of  an  impression  which  is  now  received  as  a 
simple  fact  of  cognitive  experience. 

The  difficulties  in  securing  a suitable  classification  of 
mental  processes  for  the  purpose  of  scientific  study  have 
been  discussed  in  some  detail  for  the  purpose  of  prepar- 
ing the  student  for  a departure  from  the  lines  of  division 
which  he  would  naturally  be  disposed  to  suggest  on  the 
basis  of  his  earlier  unscientific  introspections.  We 
shall  hold  once  more  to  the  objective  conditions  of  con- 
sciousne.ss  and  shall  accept  as  a distinct  group  of  facts 
any  which  are  differently  conditioned  and,  at  the  same 
time,  different  in  their  subjective  characteristics  and 
relations.  When  this  principle  of  classification  is 
adopted,  it  will  be  found  to  include  all  of  the  essential 
distinctions  which  have  been  suggested  by  those  who 
have  taken  up  the  study  of  consciousness  in  purely  in- 
trospective terms,  and  it  will,  furthermore,  facilitate  the 
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study  of  the  conditions  of  the  different  aspects  of  con- 
scious e.xperience. 

One  of  the  most  fundamental  facts  of  experience  is 
that  conscious  impressions  are  continually  being  re- 
ceived from  the  outer  world.  These  impressions  we 
call  sensations.  Red,  green,  a sound,  an  odor,  a taste, 
a pressure  against  the  skin,  are  typical  sensations.  This 
first  class  of  experiences  is  directly  related  to  certain 
well-known  processes  in  the  nervous  system.  Nervoas 
processes  originate  in  the  organs  of  sen.se  and  are 
transmitted  to  the  central  nervous  system.  On  both 
the  objective  and  subjective  sides,  therefore,  we  are 
justified  in  distinguishing  sensations  as  a fundamental 
group  of  processes. 

Sensations,  however,  are  not  the  whole  of  conscioas 
experience.  We  have  the  most  elaborate  relations 
developed  in  the  course  of  experience  between  the 
different  sensory  phases  of  consciousness.  Without 
going  into  any  great  detail,  we  may  illustrate  this  fact 
by  the  statement  that  one  cannot  have  a sensation 
red  and  a sensation  green  in  his  consciousness  at  the 
same  moment  without  recognizing  the  contrast  between 
these  two  colors.  What  is  true  of  color  compari.sons 
is  true  also  of  a great  variety  of  other  forms  of  com- 
parison and  contrast.  For  example,  every  object 
stands  out  in  space  from  its  background.  There  is  also 
a transition  in  time  and  in  type  of  consciousness  from 
one  experience  to  that  which  follows  it;  this  is  either 
abrupt  or  gradual,  — in  either  case  the  character  of  the 
new  experience  depends  in  part  upon  its  relation  to  that 
which  preceded  it.  These  illustrations  justify  the 
general  statement  that  conscious  processes  are  made 
up  not  only  of  sensation  factors,  but  also  of  relations 
between  these  sensation  factors.  Such  relational  pro- 
cesses give  rise  to  forms  of  experience  designated  as 
percepts.  The  relations  which  give  rise  to  percepts 
are  known  as  perceptual  relations. 

In  the  third  place,  we  find  as  we  study  consciousness 
that  there  are  certain  modes  of  reaction  to  our  sensory 
experiences.  As  observed  introspectively,  these  re- 
actions are  seen  in  the  different  attitudes  which  we 
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assume  toward  our  impressions.  One  is  pleased  witli 
a certain  color,  or  he  is  displea.sed.  Such  an  attitude 
toward  a color  is  by  no  means  to  be  explained  in  the 
same  terms  as  the  color  sensation  itself.  We  must, 
therefore,  seek  some  formula  for  the  attitudes  of  men- 
tal life  which  shall  recognize  the  distinction  between 
these  attitudes  and  the  sensations  to  which  they  are 
applied. 

As  in  the  case  of  sensations,  so  also  in  dealing  with 
relations  and  attitudes,  we  have  physiological  processes 
which  parallel  and  condition  these  complex  phases  of 
conscious  experiences.  Relational  combinations  con- 
ditioning the  relational  forms  of  consciousness  are  con- 
tinually going  on  in  the  nervous  system,  especially  in 
the  cerebrum;  and  motor  processes  are  always  present 
as  the  ends  of  nervous  activities  and  as  the  conditions 
of  mental  attitudes. 

The  classification,  as  outlined  up  to  this  point,  pro- 
vides for  only  one  type  of  content  or  subject-matter  of 
experience;  namely,  sensation.  Relations  and  attitudes 
are  not  content;  they  are  modes  of  treating  sensations 
in  consciousness.  It  is,  however,  universally  recognized 
that  this  is  not  an  adequate  statement  to  cover  all 
phases  of  experience.  When  one  looks  into  his  con- 
sciousness at  any  moment,  he  finds  much  content 
or  subject-matter  of  thought  which  does  not  come 
through  present  sensation.  There  is  content  derived 
from  memory  as  well  as  from  the  present  environment. 
It  is  not  easy  to  meet  the  demand  for  a recognition  of 
memory  by  simply  adding  a fourth  class  of  memory 
factors  to  our  three  forms  of  conscious  activity  already 
described,  because  memory  contributes  to  present  con- 
sciousness not  merely  content  factors,  but  also  dis- 
positions to  organize  the  contents  of  consciousness  in 
certain  familiar  relations,  and  also  dispositions  to  assume 
certain  familiar  attitudes.  In  other  words,  memory 
may  bring  into  present  experience  any  phase  of  earlier 
experience.  If  we  speak  of  memory  factors,  therefore, 
we  must  recognize  that  the  term  factors  is  much 
broader  than  the  same  term  when  used  with  reference 
to  sen.sory  experiences.  With  this  definition  of  the 
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term,  we  shall  accept  as  our  fourth  group  of  facts,  the 
memory  factors. 

Here  again,  we  have  ample  ground  for  applying  to 
the  physiological  conditions  of  experience  the  distinc- 
tion between  retained  or  memory  proces.ses  and  direct 
sensory  proces.ses.  This  matter  has  not  come  up  in 
our  earlier  discussion,  but  it  is  a familiar  fact  that 
organic  tissue  of  every  form  retains  the  effects  of 
earlier  excitations.  This  is  preeminently  true  of  the 
highly  organized  nervous  tissue. 

A fifth  class  of  conscious  proce.sses  grows  out  of  the 
interrelation  of  the  various  factors  and  proce.s.ses  in- 
cluded under  the  fourfold  classification  thus  far  out- 
lined. The  significance  of  this  statement  may,  perhaps, 
be  made  clear  by  an  example.  When  one  u.ses  a word 
with  intelligent  recognition  of  its  meaning,  his  e.x- 
perience  is  a complex  of  direct  sensory  factors,  of  rela- 
tions between  these  sensory  factors  and  elaborate 
memory  processes.  Thus,  one  hears  the  sound  of  the 
word  which  he  localizes  as  coming  from  a certain 
speaker,  or  as  differing  in  quality  from  other  sounds.  He 
has  also  a series  of  memory  images  or  some  other  con- 
tributions from  his  jDast  experience.  One  ma}’’  have  an 
attitude  toward  the  sound  which  may  be  called  the 
primary  or  sensory  attitude,  depending  on  the  harsh- 
ness or  loudness  of  the  sound.  But  above  all  these 
direct  and  memory  factors  stands  the  meaning  which 
the  word  acquires  through  the  combination  of  all  these 
elements.  This  meaning  is  a derived  interpretation, 
not  dependent  alone  on  sensation  or  memory  or  localiza- 
tion, but  rather  upon  the  most  elaborate  organization 
of  all  the  phases  of  consciousness  connected  with  the 
sound. 

We  must  leave  it  for  later  discussions  to  justify’ more 
fully  the  enlargement  of  our  classification  to  include  as 
a fifth  type  of  conscious  process  that  suggested  in  the 
illustration  and  to  be  designated  as  indirect  or  idea- 
tional relation.  This  fifth  class  is  to  be  regarded  as 
distinct  from  memory;  its  indirectness  is  due  to  its 
complexity,  and  not  primarily  to  its  inclusion  of 
memory  factors. 
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The  physiologicul  parallel  for  these  ideational  rela- 
tions is  undoubtedly  to  be  found  in  the  fact  which  has 
been  so  fully  emphasized  in  earlier  chapters;  namely, 
the  fact  that  the  cerebrum  shows  in  its  whole  develop- 
ment and  organization  the  great  significance  of  indirect 
modes  of  organization.  The  processes  in  the  associa- 
tional  areas  of  the  cerebrum  get  their  significance,  not 
from  the  sensory  or  memory  factors  which  arouse  them 
to  action,  nor  yet  from  the  simple  relations  between 
sensory  processes,  but  rather  from  the  fact  that  they 
organize  in  the  highest  and  most  elaborate  processes  all 
of  the  simpler  elementary  processes. 

It  may  be  well  to  mention  in  this  discussion  of  the 
special  subjects  to  be  taken  up  in  psychology  two 
supplementary  topics  which  naturally  follow  upon  the 
discussions  provided  for  in  the  foregoing  classification. 
The  first  of  these  supplementary  discussions  concerns 
itself  with  the  final  outcome  of  all  conscious  and  nervous 
activity,  which  is  bodily  movement.  In  some  form  or 
other,  every  incoming  sensory  impulse  and  every  central 
nervous  process  must  issue  in  a motor  discharge.  It 
is  equally  true,  though  by  no  means  so  obvious,  that 
every  form  of  conscious  experience  is  related  to  be- 
havior. The  effort  of  psychology  in  its  earlier  forms 
to  distinguish  between  cognition  and  volition  was  a 
failure,  as  has  been  pointed  out,  because  there  is  no 
form  of  cognition  which  does  not  involve  also  volition. 
If  we  do  not  treat  the  distinction  between  volition  and 
knowledge  as  a fundamental  distinction,  but  merely 
recognize  the  fact  that  volition  is  the  end  toward  which 
all  conscious  processes  tend,  we  are  justified  in  con- 
sidering these  ends  toward  which  conscious  processes 
tend  as  a separate  topic  worthy  of  special  attention. 
We  can  consider  the  different  modes  of  issue  of  con- 
scious processes,  and  in  this  way  reach  a distinction 
between  different  types  of  behavior.  With  this  recogni- 
tion of  the  character  of  the  distinction  between  different 
types  of  behavior,  we  shall  in  our  later  treatment  devote 
some  consideration  to  the  matter. 

A final  topic  for  our  consideration  arises  from  the 
fact  that  there  exist  in  human  experience  certain 
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Summary. 


abnormal  forms  of  organization,  which  abnormal  forms 
of  organization  are  of  special  practical  interest  and 
require  an  explanation  that  does  not  grow  directly  out 
of  the  treatment  of  normal  processes.  Here  again,  we 
deal  not  with  a major  distinction  in  our  subject-matter, 
but  rather  with  a practical  corollary  of  the  main  dis- 
cussion. 

The  following  brief  summary  of  the  foregoing  dis- 
cussion will  serve  as  a guide  to  the  later  treatment : — 

I.  Sensation  Factors. 

This  includes  the  description  of  the  orgaiLs  of  sense 
and  conscious  processes  aroused  by  tlie  action  of  ex- 
ternal stimuli  on  these  organs. 

II.  Relations  between  Sensations. 

These  are  sometimes  called  forms  of  perceptual 
fusion. 

III.  Attitudes. 

These  eorrespond  to  a variety  of  popular  concepts, 
especially  to  what  has  been  designated  in  psychology 
as  feehng,  interest,  attention. 

IV.  Memory  Contributions  to  Experience. 

These  are  of  a great  variety  of  types,  including  memory 
images  of  sensations  ami  sensory  relations  and  atti- 
tudes. 

V.  Ideational  Relations. 

These  constitute  the  characteristic  forms  of  human 
consciousness  and  include  such  facts  as  experiences 
of  language  and  forms  of  scientific  thought. 
Supplementary  Topics. 

A.  — Forms  of  behavior. 

B.  — Abnormalities  in  conscious  and  nervous  organi- 
zation. 


CHAPTER  V 


SENSATIONS 

For  the  ordinary  man  there  is  no  problem  for  psy- 
chology presented  by  a sensation.  A sensation  is  for 
his  thinking  an  inner  reflection  or  copy  of  an  external 
fact.  He  dismisses  as  curious  speculation  any  state- 
ment which  would  tend  to  impair  his  confidence  in  the 
directness  of  the  relation  between  sensations  and 
external  or  objective  facts.  Yet,  as  was  pointed  out 
in  an  earlier  paragraph,  the  progress  of  science  has 
forced  upon  us  a distinction  between  objective  colors 
and  sounds,  on  the  one  hand,  and  subjective  or  ex- 
perienced sensations  of  color  and  sound,  on  the  other 
hand.  For  example,  color  as  we  see  it  in  our  individual 
experiences  is  not  a form  of  vibration,  while  color  as 
the  physicist  finds  that  he  must  describe  it  in  order  to 
explain  its  physical  nature,  is  a form  of  wave  motion 
easily  convertible  into  other  wave  motions,  such  as 
those  of  heat,  which  in  turn  give  us  sensations  of  a sort 
quite  different  from  colors. 

The  moment  we  admit  a distinction  between  sub- 
jectiv'e  color  and  external  light  vibrations,  certain  im- 
portant scientific  questions  immediately  suggest  them- 
.selves.  Thus,  we  are  led  to  inquire  what  are  the  laws 
of  subjective  color  as  distinguished  from  the  physical 
laws  of  objective  light?  For  example,  in  passing  from 
one  color  in  the  subjective  series  to  the  next  color,  is 
the  transition  of  the  same  type  as  in  the  objective 
series,  or  is  it  different  ? Again,  in  regard  to  the  function 
of  subjective  color,  we  may  ask  what  ends  as  stimuli 
to  behavior  do  subjective  colors  serve  which  objective 
light  vibrations  could  not  serve?  These  and  like  ques- 
tions regarding  sounds  and  tastes  and  odors  constitute 
one  of  the  large  spheres  of  p.sychologicnl  inquiry. 
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The  relation  of  sen.se  experience  to  the  several  forms 
of  physical  energy  is  not  the  only  question  which  science 
has  brought  to  the  attention  of  p.sychology.  Phy.siology, 
and  even  popular  thought,  early  recognized  the  relation 
between  experience  and  the  organs  of  sen.se.  To  take 
a striking  illustration,  it  is  becau.se  we  have  an  organ 
of  sense  which  is  affected  by  light  and  no  special  organ 
affected  by  weak  currents  of  electricity,  that  men  over- 
looked for  so  long  a period  both  the  prevalence  of  forms 
of  electrical  energy  and  the  close  relation  between  light 
and  electricity.  Such  an  illustration  calls  attention  to 
the  fact  that  experience  differs  in  certain  of  its  aspects 
from  the  physical  world,  because  experience  is  related 
to  the  physical  world  only  indirectly,  through  the  organs 
of  sense.  The  first  classification  of  impre.ssions  which 
suggests  itself  and  the  one  which  has  become  tradi- 
tional, follows  the  enumeration  of  the  organs  of  .sen.se. 
There  is  no  reason  why  we  should  not  accept  this 
general  classification  as  a basis  for  psychological 
study. 

It  is  a debatable  question  which  group  of  impre.ssions 
should  be  studied  first.  Certain  of  the  systems  of 
sensory  experience  are  relatively  simple,  as,  for  ex- 
ample, those  of  touch  and  taste.  They  represent  the 
levels  of  sense  in  which  human  beings  and  the  higher 
animals  are  most  closely  related  to  the  lower  animals. 
If  we  should  begin  with  these,  our  progressive  studies 
would  fall  into  a natural  evolutionary  series.  If,  on 
the  other  hand,  we  begin  with  one  of  the  higher  forms 
of  sensation,  we  shall  find  much  greater  complexity  and 
many  refinements  which  are  so  typically  different  from 
those  in  the  lower  animals,  that  it  will  require  much 
caution  to  carry  our  generalizations  back  and  apply 
them  to  the  undeveloped  types  of  sensation.  We  shall, 
however,  have  the  advantage  of  knowing  from  the  first 
a complete  and  elaborate  series  of  sensor}’-  processes. 
Without  overlooking  the  advantages  of  pursuing  a 
strictly  evolutionary  order,  we  have  chosen  in  the  fol- 
lowing exposition  the  inverse  order,  and  will  begin 
with  one  of  the  two  most  highly  developed  of  the 
sensory  series;  namely,  the  series  of  visual  sensations. 
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A.  Visual  Sensations 

Visual  sensations  can  be  described  only  to  a person 
who  has  experienced  them.  Red  and  blue  and  yellow  ultimate 
and  black  are  names  of  visual  sensations.  If  the  reader 
has  had  experiences  corresponding  to  these  words,  he  ence. 
will  also  recognize  that  each  of  the  experiences  referred 
to  is  a unique  fact  in  his  mental  life.  Red  may  be  like 
orange  or  yellow  j it  may  be  soft  and  pleasing,  or 
glaring  and  unpleasant;  but  its  essence  is  its  redness, 
and  this  essence  which  is  called  the  quality  of  the  sensa- 
tion can  be  illustrated,  but  cannot  be  defined  in  terms 
of  any  other  experience. 

If  we  consider  all  possible  visual  sensations,  we  notice  chromau^ 
at  once  that  there  are  two  general  groups,  those  which 
belong  in  the  series  of  colors  and  those  which  belong  in 
the  black-gray-white  series.  The  latter  series  is  m series, 
some  respects  the  simpler.  Beginning  with  the  darkest 
black,  one  may  arrange  various  shades  of  gray  m an 
unbroken  series  up  to  the  brightest  white.  The  color 
series  is  more  complex.  It  is  made  up  of  sensation 
qualities  which,  to  be  sure,  shade  into  eachothei  through 
intermediate  colors ; but  the  members  of  the  series  have 
a marked  individuality  which  leads  us  to  designate 
them  by  a variety  of  entirely  different  names  rather 
than  by  a common  term,  such  as  is  used  in  refernng  to 
the  gray  series.  Thus,  red  and  yellow  are  diffeient 
qualities,  though  they  shade  into  each  other  through 
orange ; when  we  pass  from  one  to  the  other,  the  tran- 
sition is  .so  marked  that  we  are  compelled  to  describe 

red  and  yellow  as  different  qualities.  , • i 

The  question  of  how  many  fundamental  visual  Funda- 
qualities  there  are,  is  one  that  has  often  been  discussed,  color 
Popular  language  has  clearly  marked  out  at  least  four 
color  qualities  besides  the  blacks,  grays,  and  whites. 

These  four  colors  are  red,  yellow,  green,  and  blue.  I he 
names  of  the.se  colors  are,  as  their  form  clearly  indi- 
cates, older  than  such  derived  names  as  orange,  indigo, 
violet  or  any  of  the  compound  names,  such  as  green- 
blue  and  yellow-green.  The  loo.se  use  of  the  four  older 
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color  name.s  makes  it  clear,  however,  that  there  is  no 
particular  red  or  green  which  can  he  treated  as  dis- 
tinctively primary.  In  making  up  a system  of  color 
terminology  for  such  works  of  reference  as  a dictionary, 
this  fact  comes  out  very  clearly.  The  best  that  can  be 
done  is  to  take  the  average  of  a large  number  of  asages 
and  exhibit  a sample  of  the  color  chosen.  Color  names, 
therefore,  while  suggesting  something  of  the  popular 
discrimination  of  colors,  supply  no  final  evidences  of 
the  number  of  primary  sen.sation  qualities. 

The  various  scientific  studies  on  this  subject  of  the 
number  of  color  qualities  may  be  divided  into  three 
groups.  One  group  regards  red,  green,  and  blue  as  the 
only  primary  colors,  all  others  being  looked  upon  as 
derived  forms.  A second  group  adds  yellow,  while  a 
third  group  considers  that  there  are  an  indefinitely 
large  number,  certainly  more  than  four.  The  solution 
of  the  question,  since  it  does  not  depend  merely  upon 
introspective  observation,  waits  upon  the  complete 
formulation  of  certain  facts  which  will  be  referr^  to 
in  the  subsequent  discussions. 

More  important  than  the  determination  of  the  exact 
number  of  primary  color  qualities  is  the  presentation  of 
a complete  description  of  the  series  of  color  experi- 
ences. The  most  complete  single  series  of  colors  known 
to  physics  is  produced  by  passing  a pencil  of  white 
light  through  a prism.  The  different  colors  which  com- 
pose this  ray  of  white  light  will  be  refracted  to  different 
positions,  and  the  whole  will  be  spread  out  into  a colored 
band  with  red  at  one  end  and  violet  at  the  other.  Be- 
tween these  lie  orange,  yellow,  green,  blue,  in  the  order 
given.  This  series  of  colors  produced  from  white  light 
is  known  as  the  spectrum.  Mixed  colors  are  not  present 
in  the  spectrum,  notably  purple,  which  consists  of  a 
mixture  of  red  and  blue.  When  purple  is  introduced 
into  the  series  of  colors,  they  constitute  a series  of 
qualities  which  seems  to  return  upon  itself.  For  this 
reason,  the  colors  of  the  spectrum  plus  purple  may 
conveniently  be  represented  b}''  a closed  figure,  either  a 
triangle  or  a circle.  The  color  circle  is  given  in  Fig.  23. 
Four,  or  better  nine,  color  names  are  used  to  indicate 
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some  of  tlie  chief  qualities  of  the  series,  the  exact  num- 
ber of  such  qualities  being  left  somewhat  indefinite,  for 
reasons  indicated  above.  Between  the  colors  explicitly 
named  in  this  circle,  there  are  transitional  forms  of 
sensations. 


Yellow 


Fig.  23.  Color  circle.  The  center  of  the  circle 
represents  white.  All  colors  placed  at 
opposite  ends  of  diameters  of  the  circle  are 
complementary  colors. 

There  are  also  transitional  forms  of  sensation  from 
this  color  series  to  the  gray  series.  Thus,  from  any 
color  there  is  a series  of  .sensations  in  which  the  color 
riuality  gradually  fades  into  a colorless  gray  of  the  same 
intensit}'’  as  the  original  color.  Such  a series  is  called 
a saturation  series.  The  full  color  is  said  to  be  a 
saturated  quality;  the  more  the  quality  approaches 
gray,  the  less  saturation  it  is  said  to  have.  Each 
color  is  also  capable  of  variations  in  brightness.  A red 
of  great  light  intensity  is  said  to  have  a high  degree  of 
brightness.  A color  of  small  light  intensity  is  said  to 
have  a low  degree  of  brightness.  The  relation  of  bright- 
ne.ss  to  saturation  is  such  that  when  a color  becomes 
very  bright  or  very  dim,  its  characteristic  quality  tends 
to  disappear.  Finally,  color  qualities  may  be  compound- 
ed so  as  to  produce  an  unlimited  variety  of  interme- 
diate qualities. 


Saturation 

brightness 

and 

mixtures. 
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Our  (liscus.sion  of  vi.suiil  8(3nKations  has  described 
scries  of  tiualities  wliicli  are  never  presented  together 
under  the  conditions  of  ordinary  life.  If  one  would 
see  even  approximations  to  the  whole  series  of  colors, 
saturations  and  grays,  he  must  carefully  prepare  the 
conditions  for  the  presentation  of  these  sensations. 
In  common  experience,  the  objects  around  us  present 
a series  of  contrasts  and  a manifold  of  unrelated 
and  mixed  qualities  which,  at  finst  sight,  seem  to 
preclude  any  reduction  to  simple  classifications.  The 
first  step  of  our  psychological  study  has  been,  there- 
fore, to  discover  and  describe  the  primary  and  simple 
facts  of  visual  sensation  before  proceeding  to  the  study 
of  the  characteristics  and  conditions  of  such  sensations. 
Our  systematic  description  should  not  lead  us  to  over- 
look the  facts  of  ordinary  life  just  recalled.  In  every- 
day experience,  colors  and  shades  of  gray  and  grades  of 
saturation  are  of  value,  because  they  mark  contrasts 
and  render  discriminations  easy.  For  science  the  ar- 
rangement of  the  full  series  in  an  order  in  which  the 
effects  of  contrast  are  much  reduced,  is  neces.sary  for 
the  sake  of  completeness.  Such  considerations  as 
these  show  at  once  the  relation  of  our  preliminary  study 
of  sensations  to  the  later  and  more  complete  study  of 
common  forms  of  experience. 

Turning  now  from  the  series  of  visual  sensations,  let 
us  review  very  briefly  the  characteristics  of  external 
physical  light.  The  physicist  recognizes  ph3^sical  light 
as  a form  of  vibration  in  the  luminiferous  ether.  These 
ether  vibrations  have  three  characteristics;  namel3q 
rate  of  vibration,  amplitude  of  vibration,  and  com- 
plexity of  vibration.  For  purposes  of  exposition,  we 
may  compare  light  waves  to  simple  water  waves,  which 
are  represented  in  outline  in  Fig.  24.  In  waves  of  this 
type,  a single  particle  of  water  oscillates  up  and  down 
in  straight  lines,  while  the  wave  as  a whole  travels  in 
the  horizontal  direction. 

The  rapidity  with  which  each  particle  oscillates  is 
called  the  rate  of  vibration.  The  rate  determines  the 
length  of  the  waves  from  crest  to  crest,  so  that  we  ma3’’ 
refer  to  waves  as  having  different  lengths : rapid  vibra- 
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Fig.  24.  The  wave  forms  represented  in  A have  like  amplitude, 
that  is,  like  range  of  movement  above  and  below  the  horizontal 
line ; but  differences  in  rate,  one  wave  being  twice  as  rapid  as 
the  other.  The  waves  in  B are  alike  in  rate,  but  different  in 
amplitude.  The  lines  1,  2,  3,  4,  5,  6 show  the  paths  of  six  single 
particles  which  participate  in  the  larger  wave  motion.  When  a 
particle  is  in  its  original  position,  it  lies  at  some  point  along  the 
horizontal  line,  as  at  0.  At  successive  periods  it  moves  to  the 
height,  1,  2,  3 or  Xo  the  low  level  4,  6,  or  6.  The  wave  motion 
passes  from  left  to  right.  Any  given  particle  oscillates  upward 
and  downward  in  a vertical  line.  The  amplitude  of  a wave  de- 
pends upon  the  extent  of  this  movement  of  a single  particle. 
C represents  a complex  wave  form.  The  two  regular  waves,  in- 
dicated in  dotted  lines,  acting  upon  the  particles  together,  result 
in  the  complex  form  of  vibration  represented  in  the  full-drawn 
line. 


tions  corresponding  to  short  wave  lengths,  and  the  slow 
vibrations  corresponding  to  greater  wave  lengths.  The 
amplitude  of  a wave  is  determined  by  the  extent  of 
the  oscillations  of  each  particle.  The  complexity  of  a 
wave  depends  on  the  mode  of  the  movement  of  the 
particles;  a complex  movement  results  from  the  action 
of  a number  of  wave  impulses  acting  on  the  same 
particle  at  the  same  time. 


so 


I^SYCIIOLOGIY 


Ilulutiuna 
l)otween 
physical 
iacts  and 
experience. 


In  the  following  table  a comparison  is  instituted  be 
tween  the  physical  facts  and  the  corresponding  facts  of 
sensory  experience : — 


Physical,  Facts 


Fac'I's  of  Sknsouy  Exi'khience 


Sim'ple  light  vibrations  of  me- 
dium amplitude 

These  simple  vibrations  ap- 
pear in  every  po.ssible  rate, 
thus  forming  a single  con- 
tinuous series  of  variations 
in  rate 

These  rates  vary  from  less  than 
435  billion  vibrations  per 
second 

435  billion  vibrations  per 
second 

through  all  possible  rates 


Color  sensations 
The  sensations  differ  in  certain 
well-marked  stages,  forming 
a series  of  distinct  color  quali- 
ties, limited  in  number 


No  color  experience  ^sometimes 
experience  of  warmth) 

Red 

Successive  qualities  (yellow, 
green,  blue) 


to  769  billion  vibrations 
second 
and  beyond 
Compound  vibrations 


Violet 

No  color  experience 
(Either  whites,  grays,  less  satu- 
rated colors,  or  purples) 


The  compound  sometimes  con- 
sists of  vibrations  of  about 
435  to  500  billion  per  second, 
combined  with  those  of  about 
660-769  billion  per  .second 
In  some  cases  widely  different 
rates  are  combined,  some- 
times in  special  pairs,  some- 
times in  more  complex  groups 
In  some  cases  various  rates 
other  than  those  above  men- 
tioned are  combined 

Amplitude  variations 


Purple 


White 


Various  grays  and  unsaturated 
colors 

Changes  in  intensity  and  satu- 
ration 


Increase  in  amplitude  to  the 
highest 

Decrease  in  amplitude  to  the 
lowest 


Increase  in  intensity  and  de- 
crease in  saturation  toward 
white 

Decrease  in  intensity  and  in  sat- 
uration toward  black 


The  differences  between  the  physical  series  and  the 
sensation  series  are  so  striking  that  much  scientific  in- 
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vestigation  has  been  devoted  to  the  effort  to  bridge 
over  the  differences,  as  far  as  possible,  by  setting  be- 
tween the  two  groups  of  processes  described  in  the 
above  table  a third  group  of  processes;  namely,  the 
physiological  processes  in  the  e}'^e  and  central  nervous 
system.  Not  infrequently  it  has  been  impossible,  with 
the  means  of  scientific  investigation  in  our  possession, 
to  discover  by  direct  observation  all  the  physiological 
links  between  certain  physical  facts  and  certain  facts 
of  e.xperience.  In  such  cases,  theories  have  been  de- 
veloped by  science  to  fill  the  gap.  These  theories  go 
beyond  direct  observation  in  their  statements,  but  do 
so  with  definite  regard  to  such  facts  as  can  be  observed. 
We  turn,  therefore,  to  a consideration  of  some  of  the 
physiological  facts  and  theories,  taking  up,  as  a neces- 
sary introduction  to  the  physiological  facts,  a study  of 
the  structure  of  the  eye. 

The  human  eye  is  a complex  organ,  the  product  of  a 
long  series  of  evolutionary  processes.  If  we  study  some 
of  the  simplest  eyes,  we  shall  be  able  to  discover  what 
are  the  relations  of  this  sense  to  the  general  develop- 
ment of  the  nervous  system. 

It  should  be  noted  first  that  all  organic  cells  are 
affected  more  or  less  by  changes  in  the  character  of  the 
illumination  acting  upon  them.  Thus,  even  before 
there  is  an  organ  of  vision,  the  unicellular  animal  is 
affected  by  light.  There  appears  even  in  the  simplest 
multicellular  animals  a group  of  cells  specialized  for  this 
function.  In  .some  of  the  lowe.st  forms  of  life,  for  ex- 
ample, the  jellyfish,  it  is  found  that  at  certain  points 
on  the  surface  of  the  body  the  cells  of  the  nervous 
system  are  grouped  into  small  spots  of  pigmented  cells. 
(See  Fig.  25  A.)  The  pigment  is  not  a part  of  the  nerv- 
ous system,  but  it  serves  to  absorb  the  light  which  falls 
upon  this  part  of  the  animal’s  body  more  than  do  the 
unpigmented  regions.  The  result  is  that  the  influence 
of  the  light  is  enhanced  by  the. presence  of  the  pigment, 
and  the  growth  of  larger  and  more  sensitive  sensory 
cells  in  the  immediate  neighborhood  of  these  spots 
brings  about  a condition  which  is  favorable  to  the 
reception  of  light.  We  may,  for  convenience,  refer  to 
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the  pigment,  since  it  is  not  true  nervous  tissue,  as  an 
accessory  organ.  We  shall  find  in  the  study  of  later 
developments  of  the  eye  that  the  accessory  parts  of  the 
eye  are  quite  as  important  as  the  nervous  organs  them- 
selves, the  evolution  of  the  two  groups  of  structures 
going  on  in  parallel  lines. 

A higher  form  of  visual  organ  is  represented  in  Fig. 
25,  B.  Here  we  find  a larger  group  of  cells  sensitive 
to  light  stimulations.  The  pigment  is  present  as  in 
the  most  primitive  eyes,  and  the  whole  organ  is  placed 
in  a depression  in  the  surface  of  the  body.  This  de- 
pression serves  to  protect  the  delicate  cells  more 
effectively  than  they  could  be  protected  on  the  general 
body  surface,  as  in  the  case  of  the  jellyfish.  This  pro- 
tection of  the  cells  undoubtedly  works  to  the  advan- 
tage of  the  cells,  furnishing  them  the  conditions  neces- 
sary for  becoming  more  sensitive,  while  at  the  same 
time  the  wall  of  the  depression  furnishes  them  the  space 
in  which  they  become  more  numerous.  In  later  stages 
of  development,  as  indicated  in  the  figure,  the  depres- 
sion in  the  body  wall  is  filled  with  a protecting  fluid. 
This  fluid  is  of  a thick,  gelatinous  consistency  and  in 
the  most  primitive  forms,  translucent,  not  transparent. 
The  light  stimulation  which  acts  upon  the  sensory  cells 
of  such  an  eye  as  this  will  obviously  not  be  very  in- 
tense or  definite.  Something  has  been  sacrificed  to 
protection  in  the  fluid,  which  obstructs  the  light.  This 


Fig.  25.  Shows  a series  of  eyes  which  have  reached  various  levels 
of  development.  A .shows  a simple  pigment  spot.  The  ordi- 
nary epithelial  cells  which  constitute  the  surface  of  the  body  are 
represented  at  a.  The  pigment  particles  represented  at  pa 
make  this  portion  of  the  surface  of  the  body  more  susceptible 
to  the  action  of  light.  B shows  a somewhat  more  highly 
developed  organ.  The  surface  of  the  body  is  here  depressed 
so  as  to  protect  the  scn.sory  cells.  These  specialized  cells  are 
notably  larger  than  the  epithelial  cells  at  aa.  This  is  the  eye 
of  Patelia.  C represents  the  eye  of  Nautilus.  The  central 
cavity  is  filled  with  water ; D,  a camera  eye  with  a large  lens 
filling  its  cavity ; op  repre.scnts  the  lens ; E,  camera  eye  with 
the  cornea  (c)  covering  the  lens.  Murex.  F,  complete  eye 
with  the  lens  (Z),  cornea  (c),  iris  (t),  and  other  portions  as 
before.  Cuttlefish.  From  Conn’s  Method  oj  Evolution. 
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disadvantage  is,  liowever,  more  than  offset  by  the  fact 
that  the  fluid  furnishes  favorable  conditions  for  in- 
crease in  the  number  and  sensitiveness  of  the  cells. 
Such  an  eye  as  this  cannot  distinguish  more  than 
vague  changes  in  illumination.  An  opaque  object  pas.s- 
ing  before  the  animal  might,  by  its  shadow,  be  recognized 
as  something  standing  between  the  animal  and  the 
light,  but  the  form  or  distance  of  the  object  certainly 
could  not  be  recognized  except  through  the  intensity 
of  the  shadow  and  the  period  of  its  duration.  A bright 
object  would  give  a somewhat  more  definite  impre.s.sion, 
but  nothing  comparable  to  the  impression  received  by 
the  eyes  of  the  higher  animals. 

Later  stages  of  development  of  the  eye  are  represented 
in  the  figure.  In  C and  D it  will  be  seen  that  the 
outer  covering  of  the  eyes  begins  to  develop  a lens. 
In  the  earliest  forms,  this  lens  is  spherical  in  shape. 
Such  a shape  is  mechanically  simple,  but  optically  very 
imperfect.  The  image  which  it  throws  on  the  .sensory 
surface  is  distorted  and  the  different  rays  of  light  are 
focused  at  different  points,  causing  the  hazy  colored 
fringes  technically  known  as  chromatic  aberrations. 

Although  no  attempt  has  been  made  to  give  a com- 
plete description  of  the  various  modifications  which 
are  presented  in  the  evolutionary  series,  enough  has 
been  indicated  to  make  it  clear  that  the  eye  passes 
through  a definite  series  of  processes  of  development  as 
we  ascend  the  scale  of  animal  life,  and  enough  has  been 
indicated  of  the  structures  of  the  eye  to  justif}’’  our 
turning  immediately  to  the  description  of  the  iDghly 
developed  form  which  we  find  in  the  human  organ  of 
vision. 

The  human  eye  is  an  independent  organ  separated 
from  the  body  wall  and  placed  in  a protecting  bony 
cavity  or  eye  socket.  Before  taking  up  the  internal 
structure  of  the  eyeball  it  may  be  well  to  refer  to  the 
external  muscles  which  hold  it  in  place  and  move  it 
about  independently  of  the  head.  These  are  very  im- 
portant accessory  organs  and  increase  the  range  of 
vision  very  greatly  by  making  it  possible  to  move  the 
eyes  easily  without  moving  the  head.  The  human  eye 
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is  supplied  with  six  such  muscles.  By  means  of  these 
muscles,  the  e}^e  is  capable  of  rotation,  with  the  nicest 
adjustments  in  any  direction  whatsoever.  In  ordinary 
life  the  behavior  of  one  eye  is  closely  related  to  the 
behavior  of  the  other  eye,  so  that  the  muscles  cooperate 
in  producing  certain  binocular  movements,  and  the 
single  e}"e  is  not  capable  of  moving  except  within 
certain  definite  limits.  The  extreme  position  of  re- 
laxation of  the  muscles  would  bring  the  axes  of  the 
two  eyes  into  a position  of  divergence,  so  that  the  right 
eye  would  be  directed  toward  the  right  side,  while 
the  left  e}’e  would  be  directed  toward  the  left  side. 
Such  a position  of  divergence,  while  possible  so  far 
as  the  muscular  structures  are  concerned,  is  impossi- 
ble, because  of  the  habitual  use  of  the  two  eyes 
together.  The  extreme  position  which  appears  in 
ordinary  life  is  one  in  which  the  axes  of  the  two  eyes 
are  parallel  to  each  other.  The  details  of  muscula 
activity  need  not  be  described  here.  It  is  sufficien 
to  call  attention  to  the  fact  that  a right  or  left  move- 
ment in  the  horizontal  plane  involves  a simpler  com- 
bination of  muscles  than  upward  and  clownward 
movements  in  the  vertical  plane. 

A sectional  view  showing  the  internal  structure  of 
the  eyeball,  is  given  in  Fig.  26.  It  will  be  noted 
immediately  that  this  organ  is  in  many  respects  more 
highly  developed  than  any  of  the  eyes  represented 
in  Fig.  25.  By  the  development  of  an  independent 
outer  wall  of  cartilage,  the  eyeball  has  been  made  a 
free  portion  of  the  body,  as  noted  in  the  last  para- 
graph. In  the  second  place,  it  will  be  observed  that 
the  lens,  which  we  .saw  in  some  of  the  lower  forms  as 
a spherical  organ,  has  been  elaborated  in  the  course 
of  animal  evolution,  so  that  it  now  has  the  very 
much  more  advantageous  form  of  a double  convex 
lens,  indicated  in  the  figure  at  L.  This  lens  has 
certain  other  complexities  in  structure  which  tend 
to  free  it  from  the  optical  defects  referred  to  above. 
It  is  not  homogeneous  throughout,  and  by  means 
of  the  iris,  or  adjustable  diaphragm,  which  is  placed 
in  front  of  it,  only  the  center,  which  is  the  most 
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efficient  portion  of  the  lens,  is  utilized  in  ordinary 
vision.  Furthermore,  by  means  of  certain  muscles 
which  form  a circle  around  the  lens  and  control  a 
transparent  capsule  which  surrounds  it,  the  lens  can 
be  modified  in  form  so  that  it  is  made  more  or  less 


Fig.  26.  Diagrammatic  section  of  the  human  eye.  O,  optic  nerve; 
S,  sclerotic;  C,  cornea;  A,  choroid  coat;  I,  iris;  R,  retina; 
V,  vitreous  humor ; H,  aqueous  humor ; L,  crj'stalline  lens ; 
X,  optic  center  of  the  lens ; b,  blind  spot ; /,  fovea  centralLs ; 
p,  pupil ; M,  ciliary  muscles,  which  control  the  curvature  of  the 
lens;  Ob,  object  outside  of  eye;  Im,  image  on  the  retina.  From 
Wimdt. 


convex  according  as  light  which  is  to  be  focused  upon 
the  sensory  surface  comes  from  a source  near  at  hand 
or  far  away.  The  details  of  this  adjustment  of  the 
lens  need  not  be  discussed  here;  it  is  enough  to  call 
attention  to  the  fact  that  when  the  e}^e  is  to  look 
at  an  object  far  away,  the  lens  is  relatively  less 
convex  than  when  the  eye  is  looking  at  an  object  near 
at  hand.  The  adjustment  is  carried  out  ^eflexl3^ 
There  are  limits  beyond  wliich  it  is  impossible  for  the 
lens  to  adjust  itself ; the  near  limit  for  the  normal  eye 
is  about  eight  inches  from  the  eye,  the  remote  limit  for 
the  normal  eye  is  at  an  infinite  distance.  Individual 
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imperfections  in  adjustment  appear.  For  example,  the 
lens  in  old  age  becomes  somewhat  less  elastic  than  in 
early  life  and,  because  of  this  lack  of  elasticity,  it  is 
incapable  of  taking  on  a high  degree  of  convexity. 
Other  abnormalities  appear,  in  that  the  far  limit  of 
certain  eyes  is  at  a relativel.y  short  distance  in  front  of 
the  eye;  a person  whose  limit  of  remote  vision  is  thus 
nearer  than  a point  infinitely  far  away  is  described  as 
near-sighted.  Most  of  the  defects  in  the  functioning 
of  the  lens  can  be  relieved  more  or  less  completely  by 
the  use  of  an  artificial  lens  outside  of  the  eye.  The 
function  of  the  artificial  lens  is  exactly  that  of  the  lens 
in  the  eye,  and  the  possibility  of  correcting  defects  in 
the  lens  of  the  eye  by  various  combinations  of  glass 
lenses  is  limited  only  by  the  possibilities  of  physical 
optics.  This  makes  it  perfectly  clear  that  the  lens  is 
not  to  be  treated  as  a part  of  the  nervous  system,  but 
rather  as  an  acce.ssory  organ  developed  for  the  purpose 
of  applying  the  stimulus  to  the  organ  of  sense  in  such 
a way  as  to  produce  a clearly  defined  image  on  the 
retina. 

In  the  human  eye,  all  of  the  media  through  which  the 
light  must  pass  are  highly  transparent.  A certain  por- 
tion of  the  outside  coat  of  the  eye;  namely,  that  portion 
which  lies  directly  in  front  of  the  lens,  is  transparent. 
Between  this  transparent  wall,  or  so-called  cornea,  and 
the  lens  of  the  eye,  there  is  a chamber  filled  with  trans- 
parent fluid  known  as  the  aqueous  humor.  The  lens 
itself  is  of  a very  high  degree  of  transparency.  Back 
of  the  lens  is  a mass  of  gelatinous  matter  known  as 
the  vitreous  humor,  which  fills  the  whole  eyeball  and 
maintains  the  proper  spherical  form  of  the  eyeball. 
The.se  transparent  media  are  products  of  evolution  and 
show  an  important  advance  over  the  translucent 
gelatinous  substances  which  we  find  in  the  more  primi- 
tive eye. 

The  pigment  layer  which  was  seen  in  the  most  primi- 
tive eyes  is  pre.sent  in  the  human  eye  in  the  so-called 
choroid  coat.  It  covers  the  whole  inner  surface  of  the 
eyeball.  It  serves  the  same  purpose  as  does  the  black 
lining  of  a camera;  that  is,  it  prevents  the  rays  of  light 
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which  have  acted  upon  the  sensory  surface  from  being 
reflected  back  so  as  to  interfere  with  otfier  entering 
rays.  It  is  richly  suppliefl  with  blood  vessels,  which 
provide  for  the  nutrition  of  the  sensory  cells. 

We  have,  up  to  this  point,  referred  only  to  the  acces- 
sory organs  of  the  eye.  We  turn  now  to  the  examina- 
tion of  the  retinal  surface,  which  is  the  true  sensor}’^ 
organ.  It  is  made  up  of  a series  of  layers  of  cells  dis- 
tributed over  the  inner  surface  of  the  eyeball  and  placed 
between  the  choroid  coat  and  the  vitreous  humor.  The 
retinal  layer  is  represented  in  section  in  Fig.  27.  The 
rods  and  cones,  which  constitute  the  inner  layer  lying 
next  to  the  choroid  coat,  are  undoubtedly  the  organs 
which  are  most  immediately  affected  by  the  rays  of 
light.  The  rods  and  cones  are  highly  developed  cells 
which  are  specialized  for  the  reception  of  light  stimu- 
lations. They  may  be  thought  of  as  small  vessels  con- 
taining chemical  substances  which  are  especially  sus- 
ceptible to  changes  under  the  action  of  light.  The 
chemical  activity,  set  up  in  the  rods  and  cones  by  the 
light  which  enters  the  eye,  liberates  energy  which  is 
transmitted  through  the  successive  layers  of  cells 
represented  in  the  figure,  until  finally  it  reaches  the 
large  nerve  cells  of  the  retina,  indicated  at  the  level  VIII 
in  the  figure.  The  energy  which  originally  entered 
the  eye  in  the  form  of  vibration  in  the  luminiferous 
ether,  is  thus  transformed  into  chemical  action  in  nerve 
cells,  and  this  chemical  action  in  the  nerve  cells  is  trans- 
mitted to  the  fibers  which  pass  out  of  the  e3"eball  and 
communicate  with  the  central  nervous  system. 

The  rods  and  cones  undoubtedly  represent  different 
types  of  receiving  organs.  The  central  part  of  the 
retina,  which  is  more  important  for  clear  Aision  than 
other  portions,  is  made  up  of  cones  exclusivel^^  Pass- 
ing from  this  limited  central  region  of  clear  Ausion, 
known  as  the  fovea  centralis,  toward  the  outer  areas  or 
periphery  of  the  retina,  the  rods  become  more  and  more 
numerous.  The  functional  differences  which  correspond 
to  these  structural  facts  can  be  easily’  observed.  Let  a 
colored  light  of  moderate  size  and  intensit}'  be  brought 
into  the  outer  part  of  an  observer’s  field  of  \dsion. 
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This  light  will 
cast  its  image  on 
the  periphery  of 
the  retina  where 
the  rods  predom- 
inate, and  the 
observer  wilt  not 
experience  a color 
sensation,  but 
rather  a sensation 
of  colorless  light. 

If,  now,  the 
colored  light  is 
gradually  made  to 
ajjproach  the 
center  of  clear 
vision  where  the 
cones  predom- 
inate, its  color 
quality  will  be- 
come more  and 
more  obvious, 
until,  finally,  at 
the  center  of  clear 
vision  it  will  be 
clearly  seen.  We 
may  state  this 
result  in  general 
form  by  sa}dng 
that  the  center 
of  clear  vision  is 
also  the  center  of 
color  vision,  while 
the  areas  at  the 
extreme  periphery 
of  the  retina  are 
totally  color- 
blind. The  areas  intermediate 
periphery  of  the  retina  and  the 
are  partially  color-blind;  that 


Fig.  27.  Shows  a diagrammatic  section  of 
the  retina.  After  Greeff.  I Ls  tlie  pig- 
ment epithelium,  II  is  the  layer  of  rods 
and  cone.s.  The  rods  are  the  small 
slender  organs.  In  the  retina  the  rods 
and  cones  are,  throughout  the  larger 
part  of  the  organ,  mi.xed  together;  in 
the  fovea  only  cones  appear.  Ill,  IV, 
V,  VI,  VII,  show  various  intermediate 
structures  between  the  rods  and  cones 
and  the  nerve  cells  which  are  situated 
at  VIII.  From  the  nerve  cells  at  VIII 
the  optic  fibers  pass  out,  as  indicated 
at  IX,  toward  the  blind  spot,  where 
they  leave  the  eyeball.  X represents 
the  limiting  membrane  of  the  retina. 
A ray  of  light  entering  the  eye  jra.sses 
through  the  retina  in  the  direction  from 
X to  II.  The  light  does  not  produce 
any  effect  upon  the  cells  or  fibers  until 
it  reaches  the  layer  of  rods  and  cones. 


between  the  extreme 
center  of  clear  vision 
is,  they  respond  to 


a limited  number  of  colors.  This  limitation  of  ability 
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to  respond  to  colors  is  offset  in  the  rods  by  a dis- 
tinct advantage  on  the  side  of  susceptibility  to 
slight  changes  in  colorless  light.  An  observer  very  fre- 
quently has  the  experience  early  in  the  evening  of  see- 
ing a faint  star  in  the  outer  edge  of  the  field  of  vision, 
and  finds  the  moment  he  turns  to  look  directly  at  the 
star  that  it  is  impossible  to  see  it.  The  periphery  of 
the  retina  was  sufficiently  sensitive  to  the  slight  illumi- 
nation to  make  possible  a semsation  from  the  faint  star, 
whereas  the  center  of  the  retina  was  incapable  of  re- 
sponding to  this  slight  illumination.  The  significance 
of  this  differentiation  of  the  retina  in  the  development 
of  the  animal  kingdom  is  evident.  The  periphery  of 
the  retina  and  the  extreme  edges  of  the  field  of  vision 
do  not  have  the  same  significance  for  the  animal  as  the 
center.  It  is  more  advantageous  that  the  animal 
should  be  able  to  concentrate  its  highest  forms  of 
nervous  activity  upon  a limited  area.  On  the  other 
hand,  it  is  important  that  the  outer  regions  of  the 
retina  should  be  sensitive  in  such  a way  as  to  give 
immediate  warning  of  any  changes  in  illumination,  for 
changes  in  illumination  mean  movement,  possibly  the 
approach  of  danger,  and  this  should  be  recognized  suffi- 
ciently to  warn  the  observer.  If,  then,  it  is  desirable  to 
give  the  object  stricter  attention,  the  eye  can  be  turned 
so  as  to  bring  the  image  upon  the  center  of  clear  vision. 

The  differentiation  between  the  different  parts  of 
the  retina,  which  has  just  been  described  as  charac- 
teristic of  the  normal  retina,  does  not  always  appear. 
There  are  certain  persons  whose  eyes  are  not  fully 
differentiated  for  colors;  these  persons  have  at  the 
center  of  the  retina  a condition  similar,  at  least  so  far 
as  color  processes  are  concerned,  to  that  which  appears 
toward  the  periphery  of  the  normal  retina.  This  in- 
abilit}'’  to  respond  to  different  color  stimulations  may 
in  some  cases  be  complete,  so  that  the  individual  sees 
the  world  as  a normal  indi'sddual  sees  an  engraving; 
that  is,  as  if  it  were  made  up  only  of  differences  in  light 
and  shade  without  the  qualitative  differences  which  we 
describe  as  color  differences.  A much  larger  number 
of  individuals  have  a partial  deficiency,  analogous  to 
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that  which  appears  in  the  intermediate  zones  of  the 
normal  retina.  The  various  forms  of  partial  color- 
blindness are  e.xtremely  difficult  to  define  with  precision, 
for  the  simple  reason  that  the  color  sensations  of  the 
partially  color-blind  individual  constitute  his  world  of 
color  sensations.  He  usually  has  no  means  of  com- 
paring his  experiences  with  those  of  the  normal  indi- 
vidual. His  efforts  to  describe  his  own  experiences  to 
a normal  individual  are  complicated  by  the  necessity 
of  using  terms  devised  for  the  normal  individual,  rather 
than  for  his  own  peculiar  experiences.  Fortunately  for 
science,  there  have  been  a few  cases  in  which  the  same 
person  has  been  able  to  observe  directly  both  the 
normal  color  sensations  and  the  partially  color-blind 
series.  The  defect  in  such  individuals  appears  only  in 
one  eye,  while  the  other  eye  is  of  the  normal  type.  It 
has,  furthermore,  been  possible  by  certain  methods  of 
comparing  color  mixtures  to  make  an  analysis  of  other 
cases  of  color-blindness.  The  net  result  of  these  in- 
vestigations has  been  to  show  that  the  color  series  of  a 
partially  color-blind  individual  is  of  a simpler  type  than 
that  of  the  normal  individual  with  a fully  developed 
retina.  One  very  common  form  of  partial  color- 
blindness, known  as  "red-green  blindness,”  has  been 
thoroughly  investigated.  The  following  table  shows 
the  comparison  between  the  normal  color  system  and 
the  two  types  of  red-green  blindness,  which  have  been 
worked  out : — 


Normal 

Type  I 

Type  II 

Red 

The  red  end  of  the 
spectrum  short,  what 
is  seen  is  gray,  or  un- 
saturated  yellow 

Yellow 

Orange 

Unsaturated  yellow 

Unsaturated  yellow 

Yellow 

Unsaturated  yellow 

Unsaturated  yellow 

Green 

Yellow 

Gray,  or  unsaturated 
yellow 

Blue 

Blue 

Blue 

Violet 

Violet 

Violet 

Huch  facts  as  areshowm  in  this  table,  and  in  the  cases 
of  total  color-blindness,  emphasize  the  intimacy  of  the 
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relation  between  retinal  development  and  the  develop- 
ment of  experience.  They  make  it  clear  that  the  num- 
ber of  sensation  (jualities  which  an  ob.server  has, 
depends  not  upon  the  number  of  physical  processes 
in  the  outer  world,  but  upon  the  number  of  physio- 
logical processes  which  are  aroused  in  the  nervous 
system  by  the  various  kinds  of  physical  energy.  In 
general,  we  may  safely  accept  the  principle  that  there 
is  a direct  correspondence  between  the  number  of 
sensory  qualities  in  consciou.sness  and  the  number  of 
physiological  processes  in  the  nervous  organs.  The 
term  nervous  organs  is  left  .somewhat  general  in  this 
statement,  because  it  is  not  certain  that  the  retinal 
processes  and  the  central  nervous  proces.ses  always  cor- 
respond directly  to  each  other.  It  may  be  true  in 
certain  cases  that  the  number  of  proce.sses  in  the 
peripheral  organ  is  again  changed  as  these  proce.s.ses 
are  transmitted  through  the  central  organs. 

The  principle  of  correspondence  between  conscious 
processes  and  processes  in  the  nervous  system  is  a 
fundamental  principle  in  ps}'^chology  and  physiolog}\ 
It  is  used  in  inferring  the  number  and  character  of  the 
physiological  processes  from  the  number  and  character 
of  conscious  experiences.  Thus,  after  deriving  from 
physiological  investigations  the  general  formula  that 
there  is  chemical  activity  in  the  retinal  elements,  the 
details  are  worked  out  very  largely  through  an  obser- 
vation of  the  facts  of  experience  and  an  application  of 
the  principle  stated  above,  that  the  number  of  ex- 
periences corresponds  to  the  number  of  ph3"siological 
processes.  We  do  not  hesitate,  therefore,  in  describing 
the  facts  in  the  following  terms;  When  an  observer 
sees  red,  this  is  due  to  the  fact  that  red  light  enters  the 
eye  and  falls  upon  organs  which  are  capable  of  re- 
sponding with  a distinct  chemical  process.  Since  the 
experience  of  red  is  clearly  different  from  man}-  other 
color  experiences,  we  conclude  that  the  effect  of  red 
light  upon  the  chemical  substances  in  the  cones  is  such 
that  a distinct  kind  of  chemical  process  is  produced ; 
and  when  this  particular  kind  of  chemical  process  is 
transmitted  to  the  central  nervous  s}"stem,  the  central 
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process  arises  wliieh  is  the  immediate  condition  of  the 
sensation  red.  If,  instead  of  the  red  ray  of  light,  a 
ray  of  yellow  light  enters  the  e}’^e  and  acts  upon  the 
cliemical  substances  of  the  cone,  there  will  result  in 
the  normal  retina  a process  differing  from  that  induced 
by  the  red  ray,  as  is  evidenced  by  the  fact  that  the 
normal  observer  has,  under  the  conditions  described,  a 
ilifferent  tyj^e  of  sensory  experience.  So,  through  the 
whole  series  of  simple  colors,  there  must  be  a cor- 
responding series  of  chemical  processes  in  the  receiving 
organs.  Such  a formula  is  immediately  applicable  in 
explaining  color-blindness.  We  have  simply  to  assume 
that  the  retina  of  the  color-blind  observer  is  not  capable 
of  responding  with  the  same  number  of  chemical 
processes  as  the  normal  retina.  The  degree  of  defi- 
ciency in  retinal  processes  can  be  ascertained  in  any 
given  case  by  a complete  study  of  sensory  experience. 

In  the  remaining  discussions  of  sensory  processes,  the 
formula  of  correspondence  between  conscious  processes 
and  processes  in  the  sense  organs  will  be  freely  used. 
The  student  should  recognize  that  the  transition  from 
observed  experience  to  retinal  process  is  a matter  of 
inference.  Many  of  the  details  are  even  now  subjects 
of  discussion,  because  they  depend  on  inference.  It  is 
safe  to  assert,  however,  that  the  chief  characteristics 
of  the  physiological  processes  are  made  out,  and  that 
the  knowledge  which  we  have  is  sufficiently  exact  to 
be  characterized  as  definite  and  certain.  The  doubtful 
conclusions  which  are  recognized  as  theories  will  be 
referred  to  later. 

Another  group  of  facts  closely  related  to  tho.se  di.s- 
cus.sed  above  are  the  facts  of  color-mixing.  If  a given 
point  on  the  retina  is  stimulated  at  the  same  time  by 
two  or  more  rays  of  differently  colored  light,  the 
chemical  proce.ss  set  up  cannot  be  the  process  which 
is  appropriate  to  either  color  acting  alone.  Experience 
shows  that  the  proce.ss  is  a compromise  between  the 
proces.ses  whicli  would  have  resulted  if  each  ray  had 
acted  alone.  Thus,  if  at  the  same  moment  a ray  of 
red  light  anrl  a ray  of  yellow  light  fall  upon  a single 
cone,  the  result  is  that  the  observer  .sees  orange,  which 
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corresiiomls  in  (jualily  to  tlie  color  lying  in  the  spectral 
series  intermediate  between  red  and  yellow.  'J'he 
orange  quality  resulting  from  this  compromise  between 
the  red  process  and  the  yellow  jirocess  is  not  as  satu- 
rated as  the  orange  which  apjiears  when  the  cone  is 
stimulated  by  a single  pure  orange  ray;  it  has  a slight 
admixture  of  gray.  If,  instead  of  merely  asing  red 
and  yellow,  we  use  red,  yellow,  and  blue  at  the  same 
time,  we  find,  by  observing  the  resultant  sensation,  that 
a compromise  between  the  three  chemical  tendencies 
in  the  cone  is  very  different  from  any  one  of  the  pro- 
cesses taken  alone.  Indeed,  in  such  a case,  the  retina 
is  not  capable  of  giving  a compromi.se  color  proce.ss, 
but  falls  back  into  the  proce.ss  which  the  study  of  color- 
blindness shows  to  be  the  most  primitive  form  of 
chemical  activity;  namely,  the  chemical  proce.ss  cor- 
responding to  gray,  which  we  found  as  the  only  process 
in  the  eye  of  the  totally  color-blind  penson  and  in  the 
periphery  of  the  normal  retina. 

If  a red  ray  is  mixed  with  a blue  ray,  a unique  com- 
promise process  results,  which  is  not  directly  related  to 
any  of  the  simple  colors  of  nature ; namely,  the  proce.ss 
which  gives  rise  to  a purple  sensation.  Purple  is  a 
color  quality  which  can  be  explained  only  in  terms  of 
the  retinal  process.  Red  and  blue,  which  are  the 
physical  facts  conditioning  the  experience  of  purple, 
are  further  removed  from  each  other  in  the  physical 
spectral  series  than  are  most  of  the  colors  in  the 
spectrum,  yet  they  fuse  easily  so  as  to  give  a strong 
sensation  quality.  This  goes  to  show  that  the  retinal 
processes  for  red  and  blue  are  closely  related  in  char- 
acter, in  spite  of  the  great  difference  in  the  respective 
rates  of  vibration  in  the  physical  23rocesses  which  excite 
these  retinal  processes.  The  color  circle  which  was 
described  in  an  earlier  paragraph  is,  therefore,  not  to 
be  explained  as  a physical  circle,  but  as  a circle  of 
retinal  iDrocesses  and  corresponding  experiences.  In- 
deed, it  may  be  said  in  general  that  the  laws  of  color- 
mixing are  primarily  laws  of  retinal  behavior,  rather 
than  laws  of  the  physical  world.  The  fact  that  all  the 
colors  of  the  spectrum  wRen  mixed  together  produce 
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gray  is,  as  has  been  pointed  out  a number  of  times,  a 
ph}’siological  fact  and  a fact  of  experience,  rather  than 
a fact  of  physical  vibrations. 

The  principles  of  color-mixtures  were  worked  out  General 
first  by  physicists  and  have  furnished  a basis  for  most  of  co'i'or-*^^ 
of  the  theories  of  color  vision.  Briefly  stated,  the  mixture, 
general  principles  of  color-mixing  are  as  follows: 

\\'hen  two  colors  near  each  other  in  the  spectral  series 
enter  the  eye  at  the  same  time,  there  results  a sensa- 
tion and  a retinal  process  which  is  intermediate  to 
those  demaiuled  by  the  two  colors  when  they  act  alone 
upon  the  retina.  This  intermediate  process  is  not  the 
same  as  that  which  would  result  from  stimulation  of 
the  retina  by  the  intermediate  pure  color,  for  the  sen- 
sation is  not  as  fully  saturated  as  it  would  be  if  it  had 
resulted  from  the  action  of  a pure  color.  As  the  dis- 
tance between  the  two  colors  of  the  mixture  is  gradually 
increased,  the  chromatic  quality  of  the  resultant  grows 
less  and  less  marked,  until  finally  the  sensation  is  of 
the  simplest  possible  type ; namely,  the  sensation  gray. 

This  shows  that  the  retina  is  forced  by  certain  mixtures 
of  very  different  colors  to  return  to  the  simple  un- 
differentiated form  of  activity  which  characterized  it 
before  the  differentiation  into  chromatic  qualities  began. 

Two  colors  which  are  opposed  to  each  other  in  such  a 
way  that  they  give  when  mixed  no  color  whatsoever, 
but  merely  the  sensation  gray,  are  known  as  com- 
plementary colors.  If  the  distance  in  the  color  circle 
between  two  colors  which  enter  into  a mixture  is  greater 
than  that  required  for  the  complementary  effect,  the 
resulting  color  will  be  some  shade  of  purple.  If  purple 
is  introduced  in  the  color  circle,  there  is  no  shade  of 
color  which  does  not  have  its  complement.  The  color 
circle  shown  in  Fig.  2.3  may  be  made,  therefore,  the 
basis  for  discu.ssion  of  complementary  pairs,  provided 
the  arrangements  of  the  colors  opposite  each  other  are 
made  with  this  end  in  view.  If  more  than  two  colors 
are  mixed,  the  total  result  will  be  the  sum  of  the  partial 
effects,  and  can  be  foreseen  by  considering  the  partial 
processes  as  if  they  occurred  successively. 

It  may  be  well  to  call  explicit  attention  to  the  fact 
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that  the  statements  here  made  regarding  eolor-mixtures 
do  not  apply  to  mixtures  of  pigments.  The  mixture  of 
pigments  is  a physical  fact,  not  a physiological  process. 
The  action  of  pigment  on  light  is  to  absorb  certain  rays 
and  reflect  others.  Mixtures  of  pigments  affect  light 
in  a complex  way,  and  hence  produce  results  which 
cannot  be  explained  by  merely  inspecting  the  separate 
pigments.  Whatever  the  result  of  mixing  pigments, 
however,  the  process  is  a physical  proce.ss  and  its  re.sult 
depends  upon  the  ability  of  the  pigments  to  ab.sorb  and 
reflect  rays  of  light. 

The  consideration  of  certain  other  facts  is  nece.ssary 
to  complete  the  discussion  of  visual  sensations.  If  light 
acts  upon  a retinal  element  for  a given  period,  the  effect 
will  continue  for  a time  after  the  external  light  cea.ses 
to  act.  The  observer  will  notice  what  is  known  as  an 
after-image  of  the  light  at  which  he  has  been  looking. 
Every  one  has  doubtless  observed  the  vivid  after-images 
which  result  from  looking  at  the  sun  or  other  ver}' 
bright  objects.  Most  of  the  after-images  which  we 
receive  from  ordinary  objects  are  so  faint  that  they 
are  overlooked,  unless  special  effort  is  made  to  notice 
them  and  to  retain  them.  In  general,  the  experience 
which  continues  after  the  withdrawal  of  the  external 
light  resembles  only  for  a very  brief  interval  the  sensa- 
tion originally  produced  by  the  external  light.  So  long 
as  primary  experience  and  after-image  are  of  the  same 
quality,  the  observer  is  said  to  have  a positive  after- 
image. An  example  of  such  a positive  after-image  can 
easily  be  secured  by  rapidly  rotating  a burning  stick 
in  a circle,  when  the  observer  will  see  an  uninterrupted 
circle  of  light,  because  the  stimulus  returns  to  each  of 
the  points  of  the  retina  before  the  original  process  has 
had  time  to  change.  Very  soon  after  the  external 
stimulus  is  withdrawn,  experience  undergoes  a radical 
change.  The  general  principle  of  this  change  maj^  be 
described  by  saying  that  every  black  changes  to  white, 
every  white  to  black,  and  every  color  to  its  comple- 
ment. Since  these  changes  are  known  from  the  con- 
ditions to  be  due  to  physiological  processes,  rather  than 
to  external  light,  we  describe  the  conditions  for  these 
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after-images  in  the  following  terms:  The  retina  tends 
to  set  up  as  soon  as  possible  a process  opposite  to  that 
which  was  produced  by  the  original  stimulus.  This 
chemical  process,  opposite  in  character  to  that  pro- 
duced by  the  e.xternal  stimulus,  is  due  to  the  tendency 
of  the  physiological  organism  to  restore  the  chemical 
substances  whicli  have  been  used  up  in  the  first  process  of 
stimulation.  The  exi)erience  of  the  observer  follows, 
during  this  process  of  recuperation,  the  retinal  activity, 
rather  than  the  external  physical  fact.  Thus,  after 
looking  for  a time  at  a brilliant  red  light,  the  observer 
sees  very  soon  after  the  light  is  withdrawn  a colored 
area  of  like  spatial  form  and  extent  as  the  original,  but 
of  a quality  exactly  complementary  to  the  red ; namely, 
green.  In  like  fashion,  the  negative  after-image  of  a 
blue  surface  is  yellow.  If  the  stimulating  surface  is 
black  and  white  or  gray,  rather  than  colored,  the  nega- 
tive after-image  will  be  of  such  a character  that  what 
was  bright  in  the  original  image  will  appear  dark  in 
the  after-image,  and,  conversely,  what  was  dark  in  the 
original  image  will  appear  white  in  the  after-image. 

After-effects  in  the  retina  very  frequently  operate  to  Contrasts, 
modify  the  retinal  processes  produced  by  subsequent 
light  stimulations.  For  example,  let  an  observer  who 
has  been  looking  steadily  at  a bright  red  light  for  a 
time  and  has  a strong  tendency  toward  a green  after- 
image, look  at  a blue  surface;  the  blue  surface  will  not 
be  seen  in  its  normal  color,  but  will  be  seen  as  a mixture 
of  blue  and  green,  the  green  being  contributed  in  this 
case  by  the  after-image  process  in  the  retina.  The 
mixtures  between  after-effects  and  color  stimulations 
here  under  disemssion  give  rise  to  many  forms  of  color 
contrast.  In  view  of  the  continual  movement  of  the 
eye  from  point  to  point  in  the  field  of  vision,  the 
observer  is  always  carrying  more  or  less  marked  after- 
effects from  a given  part  of  the  field  of  vision  to  the 
neighboring  parts.  If,  for  example,  a red  and  a green 
field  are  placed  in  close  juxtaposition,  and  the  eye  after- 
looking  at  the  red  surface  tends  to  move  in  such  a 
way  as  to  bring  a portion  of  the  retina  which  has  been 
stimulated  by  the  red  into  a position  such  that  it  will 
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be  stimulated  by  the  green  light,  the  green  sensation 
received  from  the  summation  of  the  external  stimula- 
tion and  the  after-image  will  be  more  intense  than  a 
green  sensation  received  without  the  preliminary  stimu- 
lation from  a red.  The  result  is  that  green  seems  to 
be  more  saturated  when  it  lies  near  red.  In  general, 
every  color  is  emphasized  by  being  brought  into  close 
relation  with  its  complementary,  and  grays  tend  to 
take  on  colors  complementary  to  surrounding  fields. 
The  tendency  of  grays  to  take  on  colors  may  be  well 
illustrated  by  shadows.  If  a field  which  is  illuminated 
by  a yellow  light  is  interrupted  by  a shadow  which  is, 
in  reality,  gray,  this  gray  shadow  will  take  on  a bluish 
tinge  by  contrast  with  the  yellow  field.  This  fact  has 
long  been  observed  by  those  who  reproduce  the  colors 
of  nature  in  painting,  and  the  shadows  in  painting  will 
usually  be  found  to  be,  not  reproductions  of  the 
physical  facts,  but  rather  reproductions  of  the  impres- 
sion made  upon  the  observer. 

Enough  has  been  presented  in  the  discussion  of  these 
facts  to  show  the  value  of  a physiological  theory  of  the 
relation  between  sensation  and  physical  stimulus.  The 
differences  between  objective  facts  and  subjective  ex- 
periences which  were  so  clearly  pointed  out  by  the 
physicists  are  here  explained  by  the  recognition  of  an 
intermediate  physiological  link.  The  unique  subjective 
character  of  sensations  is  in  no  way  ignored  by  such 
studies.  The  sensation  of  red  is  not  identified  with  the 
retinal  processes  or  with  the  vibration  in  the  external 
world,  but  objective  vibration,  physiological  process, 
and  subjective  sensation  are  shown  to  be  parts  of  a 
coherent  system  of  facts.  The  general  conclusion  here 
reached  will  be  reiterated  in  all  the  later  studies  of 
sensation. 

It  remains  to  add  a few  remarks  concerning  the  less 
certain  conclusions  regarding  the  relation  between  light 
sensations  and  external  ether  vibrations.  The  effort 
has  frequently  been  made  to  describe  the  physiological 
processes  in  a single  comprehensive  formula  or  theory, 
which  shall  include  all  the  facts.  No  attempt  will  here 
be  made  to  review  all  of  those  theories.  It  wdll  be 
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enough  to  present  one  of  the  simplest  and  most  sug- 
gestive, and  leave  it  to  the  student  to  criticise  and  re- 
construct it  in  the  light  of  the  facts  discussed  above 
and  reviewed  in  the  tables  given  below. 

The  theory  which  was  formulated  by  Mrs.  Franklin 
is  as  follows:  The  primitive  retina  of  the  lower  animals, 
and  the  periphery  of  the  human  retina,  have  only  one 
chemical  process  with  which  to  respond  to  all  light 
stimuli.  This  single  chemical  process,  when  set  up 
through  the  action  of  light,  arouses  in  the  central  nervous 
system  a process  which  is  the  condition  of  a gray  sensa- 
tion. This  is  the  original  undifferentiated  type  of 
retinal  activity.  As  the  evolution  of  the  retina  goes 
forward,  this  original  chemical  process,  which  may  be 
called  the  gray  process,  is  so  subdivided  that  colors 
produce  certain  partial  phases  of  the  original  chemical 
activity.  The  partial  chemical  activities  produce  each 
a specialized  form  of  nervous  process  and  a specialized 
form  of  sensory  experience.  The  breaking  up  of  the 
gray  process  into  special  color  processes  begins  with  a 
development,  first,  of  the  partial  processes  which  cor- 
respond on  the  one  hand  to  blue,  and  on  the  other  hand 
to  orange  or  3'^ellow  sensations.  This  first  differentia- 
tion corresponds  to  the  wide  difference  between  the 
extreme  ends  of  the  spectral  series.  The  original 
gray  process  does  not  disappear  with  the  rise  of  the 
blue  and  yellow  processes,  but  remains  as  the  neutral 
and  more  general  form  of  response.  At  this  stage  the 
yellow  and  blue  processes  are  each  called  out  by  a 
great  varietj'^  of  stimulations.  Thus,  the  yellow  process 
is  aroused  by  red  light,  orange  light,  and  green  light, 
as  well  as  by  yellow  light.  As  the  development  goes 
on,  the  j^ellow  chemical  process  is  subdivided  into  more 
highly  specialized  processes,  corresponding  to  red  and 
green.  The  result  of  this  successive  differentiation  of 
proce.ss  is  that  the  highly  organized  retina  may,  when 
stimulated  by  the  appropriate  form  of  light  vibration, 
respond  with  specialized  chemical  processes  to  red, 
green,  yellow,  or  blue.  If  yellow  and  blue,  which  were 
the  first  forms  of  light  to  arouse  differentiated  processes, 
act  at  the  same  time  upon  the  retina,  the  partial 
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processes  wliich  are  differentiated  out  of  the  gray  can- 
not both  be  in  action  at  once  without  being  swallowed 
up  in  the  original  fundamental  process  of  gray.  If 
red  and  green  act  together  upon  the  retina,  the  yellow 
process  appears  as  the  more  fundamental  form  of 
chemical  process.  The  facts  of  color-blindness  can 
be  explained  by  stating  that  the  differentiation  of 
chemical  processes  is  not  complete  in  the  color-blind 
eye.  Negative  and  complementary  after-images  are 
due  to  the  physiological  instability  of  the  partial 
chemical  substances  left  in  the  retina  after  a process 
in  which  a colored  light  has  partially  disintegrated 
the  retinal  substance.  Contrast  has  been  included  by 
earlier  discussions  under  the  same  head  as  after-images. 

The  student  will  see  at  once  that  many  of  these 
statements  are  hypothetical.  They  serve,  however,  to 
gather  together  the  facts,  and  they  give  a genetic 
account  of  primitive  as  well  as  of  present  retinal  con- 
ditions. The  theory  or  hypothesis  should  be  clearly 
distinguished  from  the  facts.  In  order  to  keep  the 
facts  clearly  in  the  foreground,  it  may  be  well  to  re- 
turn to  a general  summary  of  the  different  groups  of 
facts  discussed  in  this  section. 

TABLE  A 
Color-blindness 


Physical  Facts 

Physiological 

Processes 

Sensations 

I.  Full  series  of 
simple  vibra- 
tions 

Highly  developed  retina 
with,  however,  a limited 
number  of  modes  of  re- 
sponse to  external  light 

A differentiated 
group  of  sen- 
sation quali- 
ties. 

II.  Full  series  of 
simple  vibra- 
tions 

Partially  developed  retina 
with  a number  of  pos- 
sibilities of  response 
to  external  stimulation, 
which  is  more  limited 
than  in  the  normal  retina 

Partial  color- 
blindness 

III.  Full  series  of 
simple  vibra- 
tions 

Retina  so  little  developed 
as  to  have  only  one  mode 
of  response 

Total  color- 

blindness 

VISUAL  SENSATIONS 


101 


TABLE  B 
Color-mixtures 


Physic.\l  Facts 

Physiological 

Processes 

Sensations 

I.  Series  of  sim- 
ple vibrations 

Highly  developed  retina 
with  a limited  number  of 
distinct  modes  of  re- 
sponse 

Limited  num- 
ber of  sensa- 
tion qualities, 
constituting 
a series  of 
distinct  cjual- 
ities 

II.  Two  simple 

waves  closely 
related  in 

number  of  vi- 
brationsenter- 
ing the  eye  to- 
gether, thus 
making  a com- 
pound wave 

Retinal  response  which 
compromises  between  the 
two  responses  which 
would  have  resulted,  liad 
the  two  vibrations  acted 
separately 

Single  color 

sensation 
somewhat  less 
saturated 
than  in  the 
simple  series 

III.  Two  simple 

waves,  very 
different  in 

number  of  vi- 
brations enter- 
ing the  eye  to- 
gether, thus 
making  a com- 
pound wave 

Retinal  response  which 
tends  to  take  the  sim- 
plest and  most  general 
form  of  retinal  behavior 

A color  very 
little  satu- 
rated, or  a 
single  purple 
or  gray 

IV.  Large  numbers 
of  wav(‘s  en- 
tering the  eye 
together,  thus 
making  a most 
complex  wave 

Simple  response  of  the  rudi- 
mentary t}"pe 

Gray 

Without  involving  any  of  the  more  complex  hypoth- 
eses, these  tables  are  very  successful  in  explaining 
away  many  of  the  differences  between  the  physical 
series  and  the  sensation  series.  We  can  understand 
very  clearly  why  the  consciousness  of  white  light 
is  so  simple,  when  the  external  fact  is  so  complex. 
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TABLE  C 

After-images  and  Contrasts 


Physical  Fact 

Phy'SIOLooical  Processes 

SE.KSATIO.N'S 

I.  Strong  light 
vibration  fol- 
lowed by  with- 
drawal of 

physical  light 

Response  followed  by  a con- 
tinued action  of  the  retina 
and  a final  reversal  of  the 
retinal  proce.ss  to  restore 
the  tissue  to  its  normal 
condition 

Color  sensation 
continuing 
after  exter- 
nal light  and 
then  chang- 
ing into  com- 
p 1 e m entary 
color  qualit3' 

We  can  understand  why  sensation  qualities  are  limited 
in  number.  There  is,  however,  even  in  these  final 
tables,  nothing  to  lead  us  to  identify  sensations  of 
color  with  physiological  processes,  or  with  ether 
vibrations.  A sensation  of  red  may  be  related  to 
certain  processes  in  the  retina,  which,  in  turn,  are 
related  to  a physical  stimulus,  but  the  sensation 
is  a conscious  fact  depending  on  the  existence  of 
a conscious  being,  quite  as  much  as  upon  the  exist- 
ence of  physical  light  or  retinal  processes.  Just 
as  the  retinal  process  can  be  explained  only  by  rec- 
ognizing that  the  retina  responds,  according  to  its 
own  nature,  to  a light  stimulus,  so  the  sensation  pro- 
cess is  quite  as  much  the  expression  of  the  nature 
of  the  conscious  being  as  the  result  of  any  external 
conditions.  When  we  come  to  define  a color  sensa- 
tion, therefore,  we  must  point  out  that  it  is  a mode 
of  consciousness.  As  a mode  of  consciousness  it  is 
fundamental;  that  is,  it  cannot  be  reduced  to  any 
more  elementary  conscious  fact.  It  may  enter  into 
a more  complex  conscious  process  as -one  of  the  factors 
which  compose  it,  but  no  explanation  can  be  given 
of  its  nature  except  to  say  that  it  is  one  of  the  ulti- 
mate forms  of  consciousness.  If  we  take  our  position 
outside  of  consciousness  for  the  moment  and  consider 
all  the  relations  in  which  the  sensation  stands,  we 
may  add  to  our  definition  certain  statements  about 
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conditions,  about  retinal  processes,  and  ether  vi- 
brations, such  as  have  been  outlined  above.  Con- 
sideration of  ether  vibrations  and  retinal  processes 
is  necessary  to  a complete  science  of  sensations.  Ether 
vibrations  are  the  remote  conditions;  retinal  pro- 
cesses, the  immediate  conditions.  A visual  sensa- 
tion is,  accordingly,  a fundamental  element  of  ex- 
perience which  arises  in  consciousness  under  certain 
conditions  of  retinal  stimulation,  this  retinal  stimu- 
lation being,  in  turn,  induced  by  the  action  of  external 
vibrations  of  the  ether. 

B.  Auditory  Sensations 

The  task  of  defining  sound  sensations  and  of  de- 
scribing their  conditions  will  be  a comparatively 
simple  one  on  the  basis  of  the  elaborate  study  already 
made  of  visual  sensations. 

The  physical  stimulus  which  causes  the  nervous 
processes,  which,  in  turn,  condition  auditory  sensa- 
tions, consists  of  longitudinal  air  vibrations.  When 
a vibrating  body  strikes  the  air  particles  about  it 
as  it  vibrates  backward  and  forward,  the  air  particles 
are  alternately  driven  together  and  rebound  from 
one  another.  Successive  waves  of  condensation  and 
rarefaction  result,  and  these  waves  are  carried  forward 
in  all  directions  until  they  strike  some  receiving 
surface,  such  as  the  ear.  These  air  vibrations  can 
be  defined  in  the  same  terms  of  rate,  amplitude,  and 
complexity  as  were  used  for  the  light  vibrations  in 
the  preceding  section  (page  78). 

With  regard  to  the  relation  between  sensation 
and  external  sound  vibration,  it  is  to  be  said,  first, 
that  when  the  objective  waves  are  regular  and  rela- 
tively simple,  they  give  rise  to  our  experience  of 
tone,  the  rate  of  the  regular  vibration  being  directly 
related  to  differences  of  pitch  in  tonal  experience. 
Middle  c on  the  piano  scale  has  a rate  of  vibration 
of  five  hundred  and  twelve  double  vibrations  per 
second.  Toward  the  bass  end  of  the  scale,  the  vi- 
brations decrease  in  rapidity,  while  toward  the  treble, 
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they  increase.  The  lowest  rate  which  is  ordinarily 
heard  by  the  normal  ear  is  about  thirty-two  vibra- 
tions per  second,  although  rates  of  sixteen,  or  even 
ten,  per  second  have  been  described  by  some  observ- 
ers as  audible.  At  the  upper  end  of  the  scale  one 
can  hear  vibrations  of  thirty  thousand  to  forty  thou- 
sand per  second.  Ordinary  insect  sounds  are  of 
this  order. 

Intensity  of  tone  varies  according  as  the  ampli- 
tude of  vibration  of  the  single  air  particles  is  great 
or  small. 

The  ordinary  sounds  which  we  experience  result 
from  complex  waves.  If  two  or  more  forms  of  vi- 
bration are  transmitted  to  a given  particle  of  air  at 
the  same  moment,  the  particle  will  move  in  a path 
which  will  be  the  resultant  of  all  of  the  different 
paths  through  which  it  would  have  moved,  had  the 
various  impulses  of  vibration  acted  upon  it  .succo.s- 
sively.  When  one  compares  a given  tone  from  the 
piano  with  the  tone  of  the  same  pitch  from  a violin, 
he  will  recognize  that  the  characteristics  of  the  tones 
are  different,  though  they  are  of  the  same  pitch.  The 
violin  string  vibrates,  not  only  as  a whole,  but  also 
in  certain  sections,  and  the  piano  wire  ^dbrates  as 
a whole,  and  at  the  same  time  in  sections.  The  rates 
of  vibration  of  the  string  and  wire  as  wholes  may 
be  exactly  the  same.  The  sections  in  the  two  cases 
and  the  rates  of  their  vibration  will  nearly  alwaj's 
be  different.  The  result  is  that  any  particle 
of  air  set  in  motion  by  either  piano  ’^dre  or  violin 
string  will  have  its  main  path  determined  by  the 
vibration  of  the  whole  wire  or  string,  while  the  minor 
details  of  vibration  will  be  determined  by  the  "vi- 
brations of  the  sections  of  the  wire  or  string.  The 
phase  of  tonal  quality  thus  determined  by  the  com- 
plex of  minor  vibrations  is  known  as  timbre.  The 
main  or  fundamental  tone  is  modified  by  the  minor 
higher  tones  or  overtones.  Tones  of  the  same  pitch 
derived  from  various  instruments  have  various  timbres, 
just  in  so  far  as  they  have  different  overtones. 

The  experience  of  noise  is  dependent  upon  a form 
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of  vibration  which  is  so  complex  as  to  be  highly  ir- 
regular. A vague  regularity  appears  in  most  noises. 
We  speak,  accordingly,  of  certain  noises  as  low  and 
rumbling,  and  of  others  as  light  and  shrill,  but  for  the 
most  part  the  tendency  toward  regularity  of  vibra- 
tions gives  way  in  noises  to  a confusion  of  irregular 
oscillations  in  the  air  particles. 

Turning  from  the  physical  stimulus  to  the  audi- 
tory organ,  we  find  here,  as  in  the  case  of  the  eye, 
that  by  a long  process  of  evolution  there  has  been 
produced  a sensory  organ  which  has  a variety  of 
accessory  parts  and  a delicate  sensory  surface,  which 
latter  transforms  the  air  vibrations  into  nervous 
processes.  The  most  primitive  ear,  such  as  is  found 
in  the  coelenterates,  consists  in  a sack-shaped  opening 
in  the  side  of  the  body.  This  sack-shaj^ed  depression, 
or  vesicle,  contains  hard  calcareous  particles,  and  is 
lined  by  sensitive  cells  which  are  similar  in  their 
general  appearance  to  the  cells  in  the  j)rimitive  eye. 
The  whole  organ  can  be  easily  explained  by  compar- 
ing it  to  an  ordinary  child’s  rattle-box.  If  the  animal 
is  shaken,  or  if  any  sound  vibrations  strike  against 
the  wall  of  the  vesicle,  the  calcareous  particles,  or 
otoliths,  as  they  are  called,  are  set  in  motion  and 
tend  to  strike  against  the  sensitive  cells.  The  result 
is  that  the  cells  will  be  stimulated  by  each  movement 
of  the  animal’s  body,  or  by  the  vibrations  which  enter 
the  vesicle.  As  the  ear  develops  through  the  animal 
series,  there  appear  a number  of  accessory  organs 
which  serve  to  facilitate  the  reception  of  vibrations, 
and  there  comes  to  be  a division  between  the  two 
functions  of  sensoiy  response  to  the  movements  of 
the  body  as  a whole,  and  response  to  vibrations  from 
the  water  or  air. 

After  this  brief  reference  to  the  primitive  ear,  we 
may  turn  immediately  to  a description  of  the  human 
ear.  The  outer  cartilaginous  organ,  known  as  the 
pinna,  has  in  man  very  little  function.  It  serves 
in  a rudimentary  way  to  concentrate  the  sound  waves 
and  direct  them  toward  the  inner  ear.  The  c}dindri- 
cal  canal  which  connects  the  surface  of  the  body 
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with  the  inner  cavities  of  the  ear  is  known  as  the 
external  meatus.  This  canal  is  liberally  supplied 
with  protective  bristles,  and  with  secretory  glands 
which  tend  to  protect  the  ear  from  all  foreign  particles, 


Fig.  28.  Diagrammatic  section  showing  the  structure  of  the  ear, 
modified  from  Czermak.  P,  the  external  pinna ; EM,  the  external 
meatus;  T,  tympanic  membrane;  I,  internal  meatu-s  or  t5"m- 
panic  cavity.  Extending  from  the  tjonpanic  membrane  to  the 
inner  ear,  there  are  three  bones  constituting  the  chain  of  ossicles : 
the  malleus,  incus,  and  stapes.  The  Eustachian  tube  {ET) 
passes  from  the  internal  meatus  to  the  ca\nty  of  the  throat; 
SC,  one  of  the  three  semicircular  canals ; AN,  the  auditory  ner^'e 
which  divides  into  four  parts  as  indicated  in  the  figure,  one 
branch  connecting  with  the  semicircular  canals,  two  with  the 
parts  of  the  vestibule,  and  the  fourth  with  the  core  of  the  coch- 
lea (C).  The  canals  of  the  cochlea  are  indicated  in  general 
outline;  for  details  see  Fig.  30.  The  vestibule  is  the  general 
region  lying  between  the  canals  and  the  cochlea. 


and  it  is  curved  in  shape  so  that  notliing  but  very 
small,  slender  objects  can  penetrate  to  the  inner 
parts  of  the  ear.  The  inner  end  of  the  meatus  is 
closed  by  means  of  a circular  membrane,  known  as 
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the  tympanic  membrane.  This  tympanic  membrane 
is  a composite  membrane  made  up  of  circular  and 
radial  fibers.  It  is  slightly  depressed  in  the  middle 
so  as  to  be  somewhat  funnel-shaped,  and  is  loaded 
by  being  connected  on  its  inner  surface  with  a small 
bone,  known  because  of  its  shape  as  the  malleus,  or 
hammer.  The  malleus  is  controlled  by  a small  muscle, 
known  as  the  tensor  tympani.  When  this  muscle 
is  contracted,  it  draws  the  malleus  inward,  and  with 
the  malleus  the  tympanic  membrane,  thus  increasing 
the  tension  of  the  membrane  and  emphasizing  its 
funnel-shaped  form.  The  adjustments  of  the  tym- 
panic membrane,  as  well  as  its  shape,  are  of  importance 
in  giving  the  ear  the  largest  possible  range  of  ability 
to  receive  sound  vibrations.  No  artificially  con- 
structed diaphragm,  such  as  those  employed  in  the 
phonograph  or  telephone,  is  capable  of  as  wide  a range 
of  response  to  tones  as  is  the  adjustable,  complex 
diaphragm  in  the  ear. 

In  the  functioning  of  the  tympanic  membrane,  Aircham- 
a difficult  mechanical  problem  arises,  because  the  afnerskieof 
air  pressure  in  the  external  world  is  constantly  under-  ‘anic^mem- 
going  changes.  With  every  change  in  the  barometric  Erane."“^“ 
pressure  there  would  be  an  interference  with  the 
action  of  the  tympanic  membrane,  if  the  spaces  behind 
this  membrane  were  air-tight.  Nature  has,  accord- 
ingly, provided  on  the  inner  side  of  the  tympanic 
membrane  an  air  chamber  communicating  with  the 
atmosphere  so  that  any  change  in  atmospheric  pres- 
sure will  result  in  an  equal  change  in  the  pressure 
on  both  sides  of  the  tympanic  membrane.  This  air 
chamber  on  the  inner  side  of  the  tympanic  mem- 
brane is  known  as  the  internal  meatus  or  tympanic 
cavity.  It  consists  of  an  irregular  cavity  in  the 
bone,  which  is  in  communication  with  the  throat 
by  means  of  a small  canal,  known  as  the  Eustachian 
tube.  The  wall  of  the  Eustachian  tube  is  flexible, 
so  that  it  collapses  except  when  a current  of  air  is 
forced  through  it  by  a change  in  pressure,  either  in 
the  internal  meatus  or  in  the  external  atmosphere. 

For  this  reason,  the  ordinary  voice  vibrations  which 
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arise  in  the  throat  are  not  communicated  directly 
to  the  internal  meatus. 

Since  there  is  an  air  chamber  on  the  inner  side 
of  the  tympanic  membrane,  there  mu.st  be  some 
means  of  carrying  the  sound  vibrations  received  on 
the  tympanic  membrane  across  this  cavity  to  the 
inner  ear.  The  means  for  transmitting  the  vibra- 
tions received  by  the  tympanic  membrane  con.sist 
of  a chain  of  three  small  bones,  known  as  the  chain 
of  ossicles.  The  first  of  these  o.ssicles  has  been  men- 
tioned; it  is  the  malleus  or  hammer,  which  is  attached 
by  its  long  arm  to  the  middle  of  the  tympanic  mem- 
brane. The  head  of  the  malleus  articulates  with 
the  surface  of  the  second  bone,  which  is  known  as 
the  incus  because  of  its  anvil-shaped  appearance. 
One  of  the  branches  of  the  incus  articulates  in  turn 
with  the  third  bone,  known  as  the  stapes  or  stirrup. 
Any  vibration  received  by  the  tympanic  membrane 
is  thus  communicated  to  the  stirrup.  The  stirrup 
fits  into  an  oval  opening,  known  as  the  fenestra  ovalis, 
which  leads  into  the  inner  ear.  The  stapes  is  con- 
nected with  the  walls  of  this  fenestra  ovalis  by  means 
of  a membrane,  so  that  it  constitutes  a tight-fitting 
piston  which  can  move  backward  and  forward  in 
the  fenestra  ovalis.  Beyond  the  oval  window,  the 
inner  ear  is  filled  in  all  of  its  parts  with  lymphatic 
fluid.  Sound  vibrations,  which  are  originall}’^  vibra- 
tions of  air  jDarticles,  are  thus  transformed  b}’’  the 
mechanism  described,  into  vibrations  in  the  lymphatic 
fluid  which  fills  the  inner  ear. 

The  inner  ear  is  divided  into  three  principal  parts. 
The  first  is  the  vestibule.  This  is  an  irregular  ovoid 
cavity  about  one  fifth  of  an  inch  in  diameter,  which 
opens  on  the  one  side  into  the  snail-shell-shaped 
cavity,  known  as  the  cochlea,  and  on  the  other  into 
a system  of  slender  canals,  known  as  the  semicircular 
canals.  The  vestibule  itself  is  divided  into  two  parts, 
known  as  the  saccule  and  utricle. 

The  semicircular  canals  are  not  organs  of  hearing. 
They  are  organs  which  have  taken  up  in  the  process 
of  evolution  that  function  of  the  iDrimitlve  ear  which 
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was  concerned  with  response  to  the  grosser  move- 
ments  of  the  animal’s  whole  body.  There  are  three  canals, 
of  these  canals,  and  they  lie  in  such  j)ositions  that 
each  one  occupies  a different  plane  in  space.  Any 
change  in  the  position  of  the  head,  or  of  the  body  as 
a whole,  will  cause  a redistribution  of  the  pressure 
within  the  system  of  canals,  and  this  change  in  pressure 
affects  the  nerve  cells  which  are  ilistributed  in  the 
wall  of  the  enlarged  jmrtion,  or  ampulla,  of  each  canal. 

The  whole  system  of  canals  serves  as  an  organ  of 
equilibration.  The  sensory  stimulations  which  come 
from  this  organ  do  not  give  rise  in  developed  human  be- 
ings to  clearly  marked  sensations.  The  result  is  that 
the  ordinary  observer  does  not  know  that  he  has 
a special  sense  organ  of  equilibration.  The  stimula- 
tions are  for  the  most  part  taken  up  by  the  lower 
centers  of  the  nervous  system,  where  they  are  dis- 
tributed to  the  muscles  which  keep  the  body  erect; 
they  probably  never  reach  the  higher  regions  except 
in  company  with  a great  mass  of  other  excitations, 
and  they  are  never  sources  of  clearly  defined  experi- 
ences except  when  they  are  of  unusual  intensity. 

When  they  become  excessively  intense,  they  give 
rise  to  the  experience  of  dizziness.  In  some  cases 
the  indirect  effects  of  their  action  come  into  con- 
sciousness. When  the  reflex  muscular  adjustment 
carried  out  by  the  lower  centers  is  unusual,  as  when 
one  descends  suddenly  in  an  elevator,  the  muscular 
reactions,  rather  than  the  primary  sensory  stimulation, 
give  rise  to  a clearly  recognizable  experience.  The 
observer  feels  an  unusual  tension  in  his  abdominal 
muscles,  or  muscles  of  some  other  part  of  the  body. 

Turning  from  the  semicircular  canals  to  the  other  The  cochlea 
canal  leading  out  of  the  vestibule;  namely,  the  sorvl^rras 
cochlea,  we  find  here  the  organs  which  are  concerned 
in  the  reception  of  tonal  stimulations.  It  is  not 
clearly  known  whether  noise  stimulations  are  re- 
ceived in  the  cochlea,  or  not.  The  probabilities  are  1 ‘ 1 

that  noise  stimulations  affect  certain  cells  constituting  | i 

sensory  areas  in  the  wall  of  the  vestibule.  At  all 
events,  it  is  true  that  there  are  cells  situated  in  the 
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Fig.  29.  Diagrammatic 
section  of  the  sensory 
cells  in  the  vestibule. 
The  receiving  cells  are 
situated  on  the  surface, 
as  represented  by  S. 
These  receiving  cells  are 
surrounded  by  support- 
, ing  cells,  as  indicated  at 
A.  The  nerve  fiber  is 
distributed  among  the 
receiving  cells.  The 
true  sensory  cell  at  G is 
in  the  ganglion,  rather 
than  directly  at  the  sur- 
face. This  sensory  cell 
sends  its  second  fiber  in- 
ward to  the  central  nerv- 
ous system,  represented 
by  C.  From  Herrick. 


wall  of  the  vestibule  which  seem 
to  be  suited  to  the  reception  of 
simple  stimuli.  (See  Fig.  29.)  The 
genetic  connection  of  the  vesti- 
bule with  the  primitive  ear,  for  it 
is  the  direct  descendant  of  the 
primitive  ve,sicle,  would  also  seem 
to  argue  in  favor  of  the  view  that 
noise  stimulations,  which  are  un- 
differentiated and  probably  earlier 
than  tonal  stimulations,  affect 
these  cells  in  the  vestibule. 
Whatever  may  be  true  of  noi.se, 
it  is  certain  that  the  tonal  ex- 
citations are  received  through  the 
complicated  structures  which  have 
been  developed,  and  appear  in  the 
cochlea.  The  cochlea  is  a highly 
differentiated  organ,  richly  sup- 
plied with  cells  and  fibers  for  the 
reception  of  a great  number  of 
different  stimulations.  It  consists 
of  a double  spiral  canal,  which 
winds  around  two  and  a half  times. 
The  winding  of  this  canal  is  merely 
an  anatomical  device  for  compress- 
•ing  the  whole  organ  into  as  small 
a space  as  possible.  The  canal, 
which  is  cylindrical  in  form,  is 
divided  into  three  parts,  — the 
scala  vestibuli,  the  scala  tympani, 
and  the  ductus  cochlearis.  Tliis 
division  can  best  be  seen  by  mak- 
ing a section  across  the  cylindrical 
passage.  Figure  30  shows  such  a 
section  with  the  di^dsion.  The 
scala  tympani  is  partially  sepa- 
rated from  the  rest  of  the  cochlea 
by  a bony  shelf  wliich  extends  for 
some  distance  into  the  canal.  The 
division  is  completed  by  an  impor- 
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tant  membrane.  This  membrane,  known  as  the  basilar 
membrane,  is  made  up  of  a series  of  fibers  which  differ 
in  length  as  the  membrane  passes  from  the  lower  to  the 
upper  e.xtremity  of  the  canal.  At  its  lower  extremity 
the  fibers  are  about  one  twelfth  of  an  inch  in  length, 
and  at  the  upper  end  of  the  canal  they  are  about  twice 
as  long.  Helmholtz,  the  great  German  physicist,  called 
attention  to  the  striking  similarity  between  the  struc- 
ture of  the  basilar  membrane  and  the  system  of  strings 
of  a musical  instrument  capable  of  giving  a variety 
of  different  tones.  He  also  advanced  the  hypothesis 
that  the  fibers  of  the  membrane  are  so  related  to  ex- 
ternal tones  that  a given  fiber  is  set  in  vibration  by 
each  particular  rate  of  vibration.  It  is  a well-known 
principle  of  physical  science  that  any  fiber  or  rod 
will  vibrate  sympathetically  with  a tone  which  has 
the  same  rate  as  it  would  assume  itself,  if  it  were 
set  in  vibration  by  some  other  cause.  This  principle 
is  known  as  the  principle  of  sympathetic  resonance. 
The  basilar  membrane  is  so  situated  that  the  vibra- 
tions which  enter  the  inner  ear  through  the  fenestra 
ovalis  reach  it  by  passing  up  the  scala  vestibuli  and 
the  ductus  cochlearis.  The  scala  tympani  is  a canal 
which  carries  back  the  vibrations  after  they  have 
acted  on  the  basilar  membranes.  It  is  connected  at 
the  upper  end  of  the  cochlea  with  the  scala  vestibuli, 
and  serves  to  conduct  away  the  vibrations,  rather 
than  allow  them  to  be  reflected  back  into  the  vesti- 
bule; for  its  lower  end  does  not  open  into  the  vestibule, 
but  communicates  through  an  opening,  known  as 
the  fenestra  rotunda,  with  the  internal  meatus.  The 
basilar  membrane  thus  stands  in  the  direct  path 
of  the  vibrations,  and  it  is,  probably,  the  organ  which 
takes  up  the  vibrations  and  makes  them  effective  in 
exciting  the  sensory  cells. 

A system  of  receiving  cells,  analogous  to  the  rods 
and  cones  in  the  eye,  is  placed  directly  on  the  basilar 
membrane.  At  any  given  point  they  form  an  arch 
extending  across  the  membrane  and,  therefore,  capable 
of  taking  up  any  vibration  which  sets  the  fibers  of 
the  membrane  in  motion.  The  arch  of  cells  is  shown 
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in  Fig.  30,  and  i.s  known,  from  the  physiologist  who 
first  deseribed  it,  as  the  organ  of  Corti.  Among 
the  cells  that  constitute  the  organ  of  Corti,  there  are 
distributed  nerve  fibers  which  come  from  auditory 
ganglion  or  true  sensory  nerve  cells  situated  in  a cavity 

in  the  bony  core  of  the  coch- 
lea. Whenever  the  cells  of 
Corti  are  set  in  vibration, 
they  excite  the  fibers.  The 
external  air  wave  is  thus 
transformed  in  the  organ  of 
Corti  into  a nervous  process. 

It  is  to  be  noted  that  the 
tran.sformation  is  of  a di.s- 
tinctly  different  tj’^pe  from 
that  which  takes  place  in 
the  eye.  In  the  eye,  the 
physical  stimulus  produces  a 
chemical  activity  in  the  rods 
and  cones.  In  the  case  of 
the  ear,  the  stimulus  con- 
tinues in  the  form  of  vibra- 
tions until  it  produces  its  final 
effect  upon  the  nerve  fibers. 
There  is  a less  fundamental 
change  in  the  character  of  the 
stimulus  as  we  pass  from  the 
external  world  to  the  nervous 
process  in  the  ear,  than  there 
is  in  the  corresponding  transi- 
tion in  the  e}'e.  This  fact 
shows  itself  most  clearlj'-  when 
we  come  to  deal  with  com- 
pound sound  vibrations.  It  makes  no  difference  how 
many  tones  are  sounded  before  the  tympanic  mem- 
brane, the  complex  vibration  will  be  faithfully  trans- 
mitted by  the  chain  of  ossicles  and  the  other  accessory 
organs,  and  will,  at  all  points  in  its  transmission,  be  a 
faithful  reproduction  of  the  total  complex  of  sound 
impulses  which  gave  rise  to  it.  Furthermore,  it  is 
shown  by  an  examination  of  sensor}'^  experience  that 


Fig.  30.  Shows  the  struc- 
ture in  the  cochlea  as 
seen  when  a transverse 
section  is  made  across 
the  canal.  The  parts 
are  clearly  marked  in 
the  figure.  Special  at- 
tention should  be  given 
to  the  basilar  membrane 
and  the  organ  of  Corti 
situated  upon  it.  The 
nerve  fibers  are  distrib- 
uted among  the  cells  of 
the  organ  of  Corti  from 
the  ganglion  in  a manner 
similar  to  that  repre- 
sented for  the  vestibular 
cells  in  Fig.  29.  From 
Herrick. 
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there  must  be  a separate  sensory  process  for  each  com- 
ponent of  the  tonal  complex.  If  an  observer  listens  to 
a tonal  comj)lex,  the  sensory  excitations  do  not  fuse  as 
do  the  chemical  processes  resulting  from  a number  of 
colors  which  act  ui)on  the  retina  together.  Each 
tone  in  the  complex  retains  its  iiulependent  yalue 
for  experience.  It  was  this  fact,  together  with  the 
form  of  the  basilar  membrane,  which  led  Helmholtz 
to  suggest  his  hypothesis.  Whether  that  particular 
hypothesis  is  true  or  not,  we  may  confidently  assert 
that  the  different  parts  of  the  organ  of  Corti  are  spe- 
cialized in  some  way  or  other,  so  that  each  rate  of  ex- 
ternal vibration,  whether  it  reaches  the  cochlea  alone 
or  as  part  of  a complex  of  vibrations,  excites  a partic- 
ular part  of  the  sensory  organ,  and  so  gives  rise  to 
a distinct  sensory  process. 

There  are  certain  si)ecial  cases  of  complex  air  vibra-  Beats, ^dif- 
tion  which  should  be  mentioned  in  this  discussion  of  toifes!^ 
sensations.  If  two  closely  related  tones  are  sounded 
together,  they  will  reenforce  the  vibration  of  the  air 
particles  which  they  affect  so  long  as  their  phases  are 
alike,  but  the  moment  their  phases  come  into  such  a 
relation  that  one  tends  to  set  the  air  particle  vibrating 
in  a given  direction  and  the  other  tends  to  set  the  same 
air  particle  vibrating  in  the  opposite  direction,  they 
will  partially  counteract  each  other  in  such  a way  as 
to  keep  the  air  particle  for  a moment  in  a state  of 
equilibrium.  Figure  31  represents,  in  the  form  of  a 
water  wave,  two  vibrations  which  at  the  outset  co- 
operate in  giving  a larger  wave.  As  one  lags  slightly 
behind  the  other,  they  come  later  to  counteract  each 
other  in  such  a way  that  no  vilu’ation  takes  place,  as 
shown  at  M.  The  result  of  such  a combination  of 
tones,  which  is  a purely  physical  affair,  is  that  the  ob- 
server receives  not  only  the  two  primary  vibrations, 
but  also  a series  of  rapid  variations  in  intensity,  which 
succession  of  intensities  fuses  into  a new  impression. 

The  observer,  therefore,  hears,  in  addition  to  the  two 
fundamental  tones,  an  alternate  rising  and  falling  in  the 
loudness  of  the  sound,  which  fluctuation  is  known  as 
beats.  If  these  beats  are  slow  enough  to  be  distinctly 
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apprehended,  they  will  be  recognized  as  quite  distinct 
from  the  tones.  If,  on  the  other  hand,  they  become 
too  numerous  to  be  separately  apprehended,  they  may 
sometimes  be  heard  as  an  additional  tone,  when  they 
are  designated  as  difference  tones.  For  example,  if 
two  tones,  c and  g,  are  sounded  together,  the.se  tones 
having  vibrations  at  the  rates  of  2.56  and  384  vibra- 


Fig.  31.  Diagram  to  represent  the  formation  of  beats.  The  two 
curves  represented  by  the  light  line  and  the  dotted  line  begin 
together,  showing  the  same  phase  at  the  same  time.  The 
wave  motion  represented  by  the  dotted  line  is  somewhat  more 
rapid  than  that  represented  by  the  full  line;  consequently,  the 
relation  of  the  two  waves  changes  so  that  in  the  region  M the 
two  are  in  opposite  phases.  The  heavy  line  indicates  the  results 
of  the  combination  of  the  two  waves,  a,  b,  c,  d,  e,  f,  g,  h indicate 
the  strong  curve  which  results  from  the  reenforcing  influence 
of  the  two  wave  motions.  M indicates  the  result  of  the  coun- 
teracting influence  of  the  two.  From  Ebbinghaus. 

tions  per  second,  the  result  will  be  a complex,  in  which 
both  c and  g will  be  distinctly  heard;  but  there  will 
also  be  heard  a third  tone,  the  number  of  vibrations 
of  which  equals  the  difference  between  the  number  of 
vibrations  of  c and  g.  That  is,  the  difference  tone  in 
this  case  will  be  a tone  of  128  vibrations  per  second. 

Again,  there  are  complexities  in  the  tonal  experience 
such  that  often  tones  are  heard  in  a tonal  complex  which, 
in  number  of  vibrations,  are  equal  to  the  sum  of  the 
two  fundamentals.  Such  tones  are  known  as  summa- 
tion tones.  They  do  not  seem  to  be  purely  physical 
facts,  explicable  in  terms  of  the  physical  effect  upon  the 
air  particles,  for  they  cannot,  in  all  cases,  be  reenforced 
by  physical  resonators  (the  apparatus  which  is  com- 
monly used  in  the  detection  of  single  tones  in  tonal 
complexes).  Summation  tones  seem  rather  to  be  due 
to  certain  physiological  processes,  perhaps  to  inter- 
ferences of  the  vibration  processes  in  the  basilar  mem- 
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brane,  or  to  secondary  vibrations  in  the  bony  walls  of 
the  cochlea.  For  the  ordinary  observer,  difference  tones 
and  summation  tones  play  no  important  part  in  the 
combinations  of  sounds,  but  the  result  of  these  tones 
upon  harmonies  and  discords  in  music  is  a matter  of 
some  importance,  and  one  which  has  been  made  the 
subject  of  careful  examination. 

By  these  discussions  of  tonal  sensations  and  their 
combinations,  we  have  been  led  to  the  point  where  it 
would  be  appropriate  to  take  up  the  matter  of  harmony. 
Certain  tones,  when  sounded  together,  give  the  observer 
an  experience  which  is  not  merely  that  of  tones  sound- 
ing together,  but  is  also  an  experience  of  the  smooth 
fitting  together  of  these  tones,  while  other  combinations 
give  the  observer  a distinct  impression  of  jar  or  discord. 
The  effort  has  often  been  made  to  explain  harmony 
and  discord  as  due  to  certain  simple  processes  in  the 
organ  of  sense.  We  shall  dismiss  the  matter  for  the 
present  in  a somewhat  dogmatic  fashion  by  saying  that 
such  explanations  of  harmony,  by  processes  of  a purely 
sensory  type,  are  not  satisfactory.  The  matter  will 
come  up  later,  and  evidence  will  be  presented  to  justify 
the  dogmatic  position  here  assumed. 

Before  closing  the  discussion  of  tonal  sensations,  it 
should  be  noted  that  the  nature  of  the  auditory  sensory 
process  is  such  that  contrast  and  after-effects  do  not 
appear  to  any  great  extent  in  tonal  or  noise  sensations. 
The  proce.ss  in  the  nerve  cells  terminates  as  soon  as  the 
external  vibration  ceases.  This  characteristic  of  sound 
sensations  explains  why  it  is  that  these  sensations  can 
be  used  in  musical  compositions.  A succession  of 
colors,  given  in  anything  like  the  same  relation  as  a suc- 
cession of  tones  in  music,  would  produce  a hazy  blur 
of  after-effects,  rather  than  the  clear-cut  melodies  which 
ari.se  from  a succession  of  tones. 

Certain  cases  of  tonal-deafness,  or  inability  to  receive 
certain  tones,  have  been  described.  A person  capable 
of  the  usual  tonal  discriminations  in  many  parts  of 
the  scale  is  quite  unable  to  distinguish  tones  in  a cer- 
tain limited  part  of  the  scale,  or  at  one  end  of  the  scale. 
This  deficiency  is  undoubtedly  related  to  some  lack  of 
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normal  functioning  in  a given  region  of  the  basilar 
membrane,  or  organ  of  Corti.  A person  may  also 
show  increasing  deficiency  in  ability  to  hear  very  high 
tones  in  old  age. 

Without  attempting  to  summarize  all  that  has  been 
said  in  the  discussions  of  tonal  sensations,  it  may  be 
advantageous  to  prepare  a table  which  may  be  used 
for  the  purposes  of  comparison  with  the  earlier  tables 
referring  to  visual  sensations. 


Physical,  Vibration 


Scries  of  air  vibra- 
tions below  10  per 
second 

Continuous  series  of 
changes  in  rate  of 
air  vibration  from 
32  per  second  to 
30,000  or  40,000 
per  second 

Same  as  above 


Complex  vibrations 


Complex  vibrations 


Physiological  Process 


No  physiological  excitation 


A very  large  number  of  dif- 
ferent processes  in  the 
basilar  membrane  and 
organ  of  Corti;  the  num- 
ber being,  however,  less 
than  the  number  of  phys- 
ical processes 
More  limited  number  of 
physiological  processes 
because  of  incomplete 
development  of  the  organ 
of  Corti 
Separate  physiological  pro- 
cess for  each  component 
of  the  complex 

Interference  of  vibration  in 
the  physiological,  organ 


Se.vsatio.v 


No  sensation 


Large  number 
of  seiLsations 
ranging  in 
series  from 
lowest  to 
highest  pitch 

Partial  tone- 
deafness 


Recognizable 
complex  of 
tonal  sensa- 
tions 

Summation 
tones  not 
paralleled 
by  objective 
vibrations 


C.  Sensations  of  Taste  and  Smell 

Sensations  of  taste  and  smell  may  be  considered 
together.  Indeed,  in  the  primitive  forms  of  animal 
life,  taste  and  smell  constitute  a single  chgmical  sense. 
Of  the  two,  the  sense  of  smell  is  distinctly  later  in  its 
development,  appearing  as  an  important  separate 
sense  with  the  appearance  of  the  air-breathing  animals. 
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In  point  of  structure,  the  sense  of  smell  shows  its 
character  as  a supplementary  sense  by  the  fact  that  it 
has  a structure  which  is  much  simpler  in  character 
than  that  of  the  organ  of  taste.  It  will  be  proper, 
therefore,  to  begin  the  discussion  by  referring  first  to 
the  simpler  organ  of  smell. 

It  is  unnecessary  here  for  us  to  consider  at  any  great 
length  the  nasal  cavities,  in  which  the  olfactory  cells 
are  situated.  These  cav- 
ities are  not  true  acces- 
sories to  the  organ  of 
sense,  as  were  the  cavities 
in  the  ear.  The  organ  of 
sense  is  rather  accessory 
to  the  general  organ  of 
respiration.  The  position 
of  the  sensory  cells  is  such 
that  they  are  not  in  the 
direct  path  of  the  great 
volume  of  air  which  is 
used  in  the  process  of  res- 
piration. Figure  32  shows 
the  area  within  the  nasal 
cavity  which  is  covered  by 
olfactory  cells.  The  arrow 
A in  the  figure  indicates 
the  path  of  the  air  cur- 
rent in  ordinary  respira- 
tion. It  will  be  noted  that  in  such  ordinary  respiration 
very  little  of  the  air  is  carried  up  into  the  upper  part 
of  the  nasal  cavity,  and  thus  brought  into  contact 
with  the  sensitive  cells.  If,  for  any  reason,  it  is  de- 
sirable that  the  sensitive  cells  should  receive  the 
full  current  of  air  which  enters  the  nose,  the  animal 
must  sniff  the  air  forcibly  into  the  nasal  cavity,  in 
which  case  it  will  follow  the  direction  of  the  arrow  B 
in  the  figure,  and  the  cells  will  be  more  vigorously 
affected  b}4  any  substances  brought  in  by  the  air 
currents. 

The  olfactory  surface  itself  is  made  up  of  two  kinds 
of  cells,  as  shown  in  Figs.  33  and  34.  There  are,  first. 


Fig.  32.  The  inner  cavity  of  the 
nose  is  represented.  The 
arrow  A indicates  the  path 
of  the  air  in  ordinary  respira- 
tion, B indicates  the  path  of 
the  air  when  the  animal  sniffs. 
The  olfactory  region  is  indi- 
cated by  the  black  area  in  the 
upper  part  of  the  cavity. 
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certain  supporting  cells  which  line  the  nasal  cavity; 
and  second,  there  are  distributed  among  the  support- 
ing cells  true  sensory  cells,  from  which  fibers  pass  in- 
ward to  the  central  nervous  sys- 
tem. The  nerve  cells  in  this 
organ  are  directly  at  the  surface, 
in  such  a position  that  particles 
brought  in  through  the  air  cur- 
rents come  into  direct  contact 
with  the  cell  body  proper.  This 
direct  exposure  of  the  nerve 
celts  to  stimulation  is  undoubt- 
edly related  to  the  fact  that 
these  cells  are  very  easily  fa- 
tigued. It  is  a well-recognized 
fact  that  an  odor  which  is  very 
striking  at  first  soon  grows  le.ss 
and  less  impressive,  even  though 
the  stimulus  may  continue  in  its 
original  intensity.  Furthermore, 
the  olfactory  cells  do  not  seem  to 
be  very  definitely  specialized,  and 
there  are  no  selective  organs  be- 
tween the  external  stimulus  and 
the  sensory  organs  which  deter- 
mine the  effect  of  stimulus  on 
the  nervous  organs.  There  is, 
accordingly,  no  clearly  defined 
limit  to  the  number  and  variety 
of  olfactory  sensations.  By  way 
of  contrast  with  the  visual  organ, 
for  example,  there  is,  in  the  case 
of  the  olfactory  sense,  nothing 
which  corresponds  to  the  rods  or 
cones  and  operates  to  reduce  all 
external  stimulations  to  a limited 
number  of  sensory  processes. 
Consequently,  the  number  of  olfactory  sensations  is 
very  large,  and  the  effort  to  classify  them  is  baffled  b}’' 
the  variety  of  the  excitation  processes  and  resulting  ex- 
periences. 


Fig.  33.  Section  show- 
ing the  dififerent  cells 
which  compose  the 
mucous  lining  of  the 
nose  in  the  olfactory- 
region.  By  the  stain- 
ing process,  the 
special  sensory  cells 
are  clearly  distin- 
guished from  the 
other  cells  as  black. 
In  one  of  these  cells 
the  nerve  fiber  will 
be  seen  passing  di- 
rectl}'-  out  of  the  cell 
toward  the  central 
organ. 
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With  regard  to  the  character  of  the  external  stimuli 
which  affect  the  cells  of  the  olfactory  surface,  our 
knowledge  is  somewhat  limited.  Small  particles  prob- 
ably detach  themselves  from  external  objects  and  are 
carried  by  the  air  currents  during  inspiration  into  the 
nasal  cavity.  These  small  particles,  or 
duce  a chemical  effect  upon  the  olLic- 
tory  cells.  In  general,  it  seems  to  be 
true  that  those  substances  which  are 
most  frequently  brought  into  contact 
with  the  olfactory  surface  produce  the 
least  effect,  whereas  new  and  unfamiliar 
substances  produce  a strong  effect.  The 
relation  between  the  external  effluvia 
and  the  olfactory  processes  is  probably 
the  outgrowth  of  the  long  evolutionary 
process,  in  which  the  sense  has  developed 
as  its  chief  function  the  ability  to  warn 
animals  of  the  presence  of  unfamiliar 
substances  in  the  atmosphere.  Noxious 
gases  are,  from  the  nature  of  the  case, 
relatively  uncommon,  and  the  olfactory 
sense,  in  serving  to  warn  us  of  their  pres- 
ence, not  only  shows  its  adaptation  to 
the  stimuli  which  are  unusual,  but 
shows,  also,  the  significance  of  the  whole 
development  as  aimed  at  the  preserva- 
tion of  the  organism. 

Animals  make  much  larger  use  of  the 
sense  of  smell  than  do  human  beings. 

They  often  take  advantage  of  the  pres- 
ence of  strange  effluvia  in  the  atmos- 
phere and  react  positively  to  these  odors,  seeking  the 
source  of  the  odor,  if  it  leads  them,  for  example,  to  food. 
It  is  to  be  .said  in  this  connection  that  the  human  sense 
of  smell  can  be  much  more  highly  cultivated  than  is 
commonly  the  case,  if  attention  is  directed  to  these 
sensations  in  early  life. 

Turning  from  smell  to  taste,  we  notice  first  that  the 
qualities  of  taste  sensation  are  more  easily  reduced  to 
a classified  list.  The  qualities  most  constantly  recur- 


effluvia,  pro- 


Fig.  34.  Olfac- 
tory cells  and 
supporting 
cells  much 
magnified. 
The  support- 
ing cells  are 
here  shown  to 
be  larger  than 
the  true  sen- 
sory cell  and 
somewhat 
different  in 
form. 


External 

odora. 


Smell  a 
rudimen- 
tary sense 
in  man. 
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ring  are  bitter,  sweet,  sour,  and  saline.  If  we  add  to 
the  list  alkaline  and  metallic,  which  may  be  compounds, 
it  is  possible  to  classify  all  taste  experiences  as  belong- 
ing under  the  one  or  the  other  of  the  six  classes,  or  as 

compounds  of  these.  This 
reduction  of  all  tastes  to  a 
few  qualities  leads  one  to 
look  for  structures  in  the 
organ  of  ta.ste  which  shall 
explain  the  reduction  of 
the  f)hy.sical  manifold  to 
a small  number  of  sensory 
qualities.  The  study  of 
the  organs  of  taste  shows 
that  they  are  .specialized 
structures,  probably  of  a 
selective  character. 

The  taste  organs  are  dis- 
tributed throughout  the 
mouth  and  throat.  The}’’ 
appear  in  greatest  abun- 
dance on  the  papillae  of 
the  tongue.  Figure  35 
shows  a magnified  section 
through  the  side  of  one  of 
the  large  papillae.  At  cer- 
tain points  in  the  walls 
of  the  papilla,  there  can 
be  distinguished  groups  of 
cells  clustered  in  bulb- 
shaped organs.  These  are 
known  as  the  taste-bulbs. 
Each  bulb  is  made  up  of 
a number  of  cells  grouped 
about  its  wall,  and  consti- 
tuting a minute  pear-shaped  organ  (Fig.  36).  Among 
these  cells  in  the  bulb  are  distributed  tactual  nerve 
fibers  and  special  taste  fibers,  which  come  from  nerve 
cells  located  in  the  immediate  vicinity^  of  the  medulla 
(Fig.  37).  The  cells  of  the  taste-bulb  are  chemicallj'^ 
affected  by  certain  fiuids  which  act  upon  them,  and  the 


Fig.  35.  The  clepre.ssion  between 
two  sides  of  a papilla  of  the 
tongue.  Liquids  may  pass 
down  into  this  opening.  On 
its  sides  are  taste-bulbs.  Their 
number  and  distribution  is  in- 
dicated in  the  figure. 


SENSATIONS  OF  TASTE  AND  SMELL  121 


chemical  processes  set  up  within  the  peripheral  cells 
are  transmitted  first  to  the  nerve  fibers,  and  through 
these  to  the  nerve  cells,  and,  finally,  from  the  receiv- 
ing nerve  cells  to  the  central  nervous  system.  Proba- 
bly not  all  the  cells  in  the  taste-bulbs  act  equally  in 
receiving  taste  stimulations.  Some  of  the  cells  in  the 
bulbs  seem  to  be 


specialized  for  the 
taste  function,  while 
others  play  the  part 
of  supporting  cells. 

The  peripheral  or- 
gans are  not  true 
nerve  cells,  as  were 
the  receiving  cells 
in  the  olfactory  or- 
gans; they  are  inter- 
mediate between  the 
sensory  fibers  and 
the  outer  world. 

Their  function  is, 
undoubtedly,  selec- 
tive. This  accounts 
for  the  more  definite 
and  independent 
character  of  the 
taste  qualities,  in 
comparison  with 
odors.  The  selective 
character  of  the 
taste  cells  is  strik- 
ingly shown  by  the 
fact  that  not  all 

taste-bulbs  receive  with  equal  facility  the  vari- 
ous taste  stimulations.  Thus,  the  cells  in  the  back 
part  of  the  tongue  are  much  more  sensitive  to  stimula- 
tion from  bitter  substances.  Cells  in  the  front  part  of 
the  tongue  respond  more  readily  to  sweet  solutions. 
On  the  sides  of  the  tongue,  the  areas  are  especially 
sensitiv'e  to  sour  and  saline  stimulations.  To  be 
sure,  the  localization  is  not  absolute,  especially  foi 


Fig.  36.  A diagrammatic  section  of  a 
single  taste-bulb  to  show  the  charac- 
ter of  the  different  cells.  The  cells 
marked  n are  the  special  sensory 
cells.  The  cells  marked  ss  are  sup- 
porting cells.  It  will  be  noticed  that 
the  cells  constituting  the  bulb  are 
somewhat  larger  than  those  which 
foi-m  the  general  surrounding  tissue. 
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sour  and  saline,  but  it  is  very  far  in  advance  of  anything 
found  in  the  olfactory  surface. 

The  substances  which  act  upon  the.se  taste-bulbs 
must  be  in  liquid  form.  If  one  dries  the  tongue  thor- 

o u g h 1 y,  the  sub- 
stances which  would 
otherwise  produce 
taste  impressions  can 
be  pressed  against 
the  tongue  without 
producing  any  effect. 
For  example,  a piece 
of  dry  salt  placed 
upon  the  dry  surface 
of  the  tongue  will  not 
give  rise  to  any  taste 
sensation. 


D.  Sensations  of 
Touch 


Fig.  37.  A diagrammatic  sketch  show- 
ing two  neighboring  taste-bulbs. 

The  supporting  cells  have  been  re- 
moved in  the  two  bulbs.  The  bulb 
on  the  right  has  four  specialized 
gustatory  cells.  The  network  of 
fibers  at  the  base  of  these  cells 
shows  the  mode  of  distribution  of 
the  gustatory  nerve  fibers.  In  the 
bulb  on  the  left  and  in  the  inter- 
mediate tissue  between  the  bulbs, 
the  terminations  of  the  tactile  nerve 
fiber  are  shown.  The  tongue  is 
thus  seen  to  be  an  organ  of  touch  as 
well  as  of  taste.  

allied  in  character 
and  in  the  structure  of.  its  organs  to  the  primitive 
senses  of  the  lower  animals.  Indeed,  the  surface  of  the 
body  is  a relatively  undifferentiated  mass  of  protective 
and  sensory  cells,  which  are  open  to  stimulations  of  all 
kinds  and  capable  of  responding  in  some  degree  to  al- 
most any  form  of  external  energy.  The  true  nerve  cells 
for  the  sense  of  touch  are  situated  in  the  immediate 
neighborhood  of  the  spinal  cord.  They  are  primitive 
bipolar  cells,  as  shown  in  Figs.  12  and  13,  pages  41 


The  group  of  sen- 
s a t i o n s popularly 
classified  under  the 
sense  of  touch  might 
very  properly  have 
been  considered  at 
the  beginning  of  this 
chapter,  for  touch  is 
the  human  sense 
which  is  most  closely 
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and  42.  The  branch  whicli  passes  out  of  one  of  these 
bipolar  cells  toward  the  surface  of  the  body  is  the  re- 
ceiving sensory  fiber.  When  it  reaches  the  skin,  it 
breaks  up  into  a fine  network  of  fibrils.  These  fibrils 
are  distributed  among  the  cells  of  the  skin.  The  arm, 
from  the  same  cell  which  extends  into  the  spinal  cord, 
has  been  described  in  the  discussion  of  the  spinal  cord. 
It  will  be  recalled  that  this  central  arm  branches  so 
as  to  extend  upward  and  downward  through  a large 
section  of  the  spinal  cord,  sending  out  at  various  levels 
collateral  branches  which  transmit  the  stimulation  to 
the  motor  cells  at  the  different  levels  of  the  cord  or 
carry  the  stimulation  to  the  higher  nervous  centers. 

The  sensory  fibers  which  pass  to  various  parts  of  the 
surface  of  the  body  seem  to  be  differentiated  in  their 
functions  to  some  extent  in  spite  of  the  uniformity  of 
their  structure.  For,  while  it  is  probably  true  that  there 
is  no  region  on  the  surface  of  the  body  which  is  not  sus- 
ceptible to  stimulation  in  some  degree  by  all  forms  of 
external  energy,  provided  the  energy  is  strong  enough, 
yet  it  is  certain  that  there  are  regions  capable  of  re- 
sponding easily  to  slight  changes  in  pressure  and  tem- 
perature. Indeed,  there  are  areas  which  show  special 
susceptibility  to  pressure,  and  others  especially  sensitive 
to  temperature.  The  specialized  areas  are  usually 
points  or,  at  most,  limited  areas.  The  most  striking 
illustration  of  this  differentiation  of  the  skin  can  be 
secured  by  taking  a metallic  point  which  has  been  re- 
duced somewhat  in  temperature,  and  passing  this  point 
slowly  across  the  skin.  At  intervals  the  point  will  be 
recognized  as  distinctly  cold,  while  on  other  parts  of 
the  skin  it  will  be  recognized  merely  as  an  external 
pressure  without  temperature  quality.  Those  areas 
where  the  point  is  recognized  as  distinctly  cold  have 
been  designated  cold  spots.  It  may  be  that  the  effect 
is  due  to  modifications  in  the  thickness  of  the  skin  or 
to  the  proximity  of  blood  vessels,  or  to  the  grouping  of 
nerve  fibers  about  a hair  follicle;  or  it  may  be  that 
there  are  differences  in  the  skin  cells  among  which  the 
nerve  fibers  are  distributed,  which  differences  in  the 
skin  cells  account  for  these  special  functions. 


Differentia- 
tion of 
the  tactual 
fibers. 
Tempera- 
ture spots. 
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A second  type  of  specialized  points  on  the  surface  of 
the  skin  includes  those  points  which  are  specially  sus- 
ceptible to  stimulations  of  pressure.  If  one  applies 
a fine  hair  to  points  on  the  skin,  it  will  be  found  that 
there  are  certain  points  at  which  the  pressure  will  be 
recognized,  while  there  are  other  points  from  which 
no  sensation  will  arise.  Those  points  which  respond 
to  the  slightest  stimulation  are  called  pre.ssure  spfjts. 
The  number  of  pressure  spots  discovered  in  any  special 
region  will  depend,  of  course,  upon  the  intensity  of  the 
pressure  exerted  by  the  hair,  so  that  the  term  pres- 
sure spot  is  a relative  term,  and  depends  for  its  exact 
definition  upon  the  intensity  of  the  stimulas  applied 
to  the  skin. 

Heat  spots  and  pain  spots  can  also  be  found.  The 
heat  spots  are  much  more  diffu.se  and  difficult  to  locate 
than  the  cold  spots,  but  they  are  analogous  to  the  cold 
spots  in  their  response  to  changes  in  temperature  stimu- 
lation. Pain  spots  appear  in  certain  parts  of  the  body 
and  may,  perhaps,  be  defined  as  specially  sensitive 
pressure  spots.  Whole  areas  of  the  bod}'-  surface,  as, 
for  example,  the  cornea  of  the  eye,  are  so  sensitive 
that  any  stimulation  which  is  recognized  at  all,  will  be 
recognized  with  the  quality  of  pain  rather  than  that  of 
simple  pressure.  There  are  certain  reasons  for  treat- 
ing pain  as  distinct  from  pressure. 

One  characteristic  of  the  temperature  spots  is  their 
change  in  sensitivity  when  stimulated  for  a period  of 
time  by  any  given  temperature.  For  example,  the 
hand  which  has  grown  cold  from  a long  exposure  to 
cold  air  will  react  to  water  of  a moderate  degree  of 
temperature  in  such  a way  as  to  give  rise  to  the  sensa- 
tion of  warmth,  while  the  same  hand,  after  it  has  been 
exposed  to  warm  air,  will  give  sensations  of  cold  from 
the  same  water.  This  relativity,  as  it  is  called,  of  the 
temperature  sense  is  due  to  the  fact  that  the  nervous 
processes  involved  are  chemical  processes  which,  when 
once  established,  change  the  condition  of  the  sensory 
organs  so  that  the  reception  of  later  stimulations  de- 
pends upon  both  the  present  stimulation  and  the  con- 
dition induced  by  past  stimulations.  Similar  facts 
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have  been  noted  in  the  discussion  of  color  contrasts 
and  olfactory  fatigue.  There  is  no  niarketl  relativity 
in  the  case  of  sensory  processes  of  hearing  or  ot  pres- 
sure. There  is  a basis  in  these  differences  with  regard 
to  relativity  for  a distinction  between  the  chemical 
senses  on  the  one  hand,  including  the  temperature  sense, 
the  senses  of  smell, 
taste,  and  vision, 
and  the  mechan- 
ical senses  on  the 
other  hand,  in- 
cluding those 
w h i c h depend 
upon  direct  excita- 
tion of  the  nerve 
fibers;  namely, 
pressure  and  hear- 
ing. The  chemi- 
cal senses  show 
greater  relativity 
and  more  striking 
after-effects  than 
do  the  mechanical 
senses. 

The  peripheral 
endings  of  tactual 
fibers  are  in  some 
cases  surrounded 
by  special  struc- 
other 


Fig.  38  d.  Tactual  end  organs. 

A section  of  the  cornea  of  the  eye 
much  magnified.  The  small  cells  in  the 
upper  part  of  the  figure  show  that  the 
tissue  is  made  up  of  a number  of  small, 
compactly  arranged  cells.  A nerve 
fiber  is  seen  distributing  its  branches 
among  these  cells.  This  is  a typical 
form  of  distribution  of  the  tactual 
fiber,  which  ends  freely  in  the  surface 
of  the  body.  After  Testute. 


cases  the  fibers  end  freely  among  the  cells  of  the  skin. 
A number  of  typical  end  organs  are  shown  m figs.  dS- 
41.  Some  evidence  has  been  accumulated  to  show  that 
the  differentiated  qualities  of  tactual  sensation  are  re- 
lated to  these  specialized  structures.  Thus,  there  are 
certain  organs  which  appear  in  the  conjunctiva  where 
there  is  no  sensitivity  for  pressure,  but  where  there  is 
sensitivity  for  cold.  This  leads  to  the  inference  that 
they  are  special  organs  for  cold.  Again,  certain 
tactual  cells  seem  to  be  especially  numerous  in  regions 
sensitive  to  pain.  Fain,  however,  is  the  only  type  ot 
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Fig.  38  B.  A Pacin- 
ian corpuscle. 
After  Testute. 


sensation  from  certain  other  regions  where  the  fibers 
end  freely  among  the  epithelial  cells.  The  evidence  is, 
therefore,  not  conclusive  that  the 
end  organs  in  the  skin  are  special- 
ized; they  may  be  primarily  protec- 
tive organs. 

Sensations  from  the  inner  organs 
of  the  fjody  have  sometimes  been 
classified  under  the  tactual  sense; 
sometimes  they  have  been  regarded 
as  constituting  separate  classes. 
All  the  inner  organs  of  the  body 
have  sensory  nerv^e  fibers  similar  to 
the  tactual  fibers  which  end  in  the 
skin.  Thus,  the  mascles,  joints, 
linings  of  the  organs  of  the  tho- 
racic, and  especially  of  the  abdomi- 
nal, regions,  are  all  supplied  with 
sensory  nerves.  In  discussing  the 
experiences  received  from  the  limbs,  it  is  some- 
times convenient  to  distinguish  under  the  name 
muscle  sensations  the  experiences 
resulting  from  the  excitation  of 
the  sensory  fibers  ending  in  the 
muscles.  In  like  manner,  sensa- 
tions from  the  abdominal  organs 
are  sometimes  classified  as  organic 
sensations.  The  motives  for  minute 
analysis  of  these  sensations  from 
the  inner  organs  are  not  strong,  be- 
cause these  sensations  are  relatively 
undifferentiated.  In  the  normal 
course  of  life  they  come  into  ex- 
perience with  a great  mass  of  skin 
sensations,  and  they  never  are  in- 
tense except  when  they  are  abnor- 
mal. 


Fig.  38  C.  A Mis- 
senian  corpuscle. 
After  Testute. 
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Fig.  39.  Shows  two  Golgi- 
Mazzoni  corpuscles  of 
the  type  found  by 
Ruffini  in  the  cutaneous 
connective  tissue  of  the 
human  finger. 


Fig.  41.  Tooth  of 
Gobinus  showing 
the  distribution 
of  the  nerve  fiber 
inside  the  tooth. 
After  Retzius. 


Fig.  40.  Shows  the  com- 
plex distribution  of  a 
tactual  nerve  fiber  in 
the  immediate  vicinity 
of  a hair.  The  freely 
ending  nerve  fibers  in 
the  region  A directly 
under  the  epidermis  is  to 
be  compared  with  the 
freely  ending  nerve 
fibers  shown  in  Fig.  38  A. 
These  fibers  before  their 
distribution  in  the  area 
A form  a network  in  the 
cutis  in  the  area  B. 
Around  the  shaft  of  the 
hair  are  certain  glandu- 
lar tissues  marked  G in 
the  figure.  Branches 
from  the  general  nerve 
trunk  are  distributed,  as 
indicated  at  X,  about 
the  hair  and  its  sur- 
rounding tissues.  The 
figure  is  from  Retzius. 
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E.  Sensation  Intensities 

While  it  has  been  necessary  to  discuss  sensation 
ciualities  in  terms  of  the  relation  of  these  qualities  to 
various  organs  of  sense  and  various  forms  of  external 
energy,  it  is  possible  to  treat  the  matter  of  sensation 
intensities  in  a somewhat  more  general  way.  The  re- 
lation of  changes  in  the  intensity  of  objective  sounds 
to  changes  in  the  intensity  of  sound  sensations  is  of 
essentially  the  same  type  as  the  relation  between  the 
intensity  of  pressure  stimuli  and  pressure  sensations. 
Indeed,  it  is  in  this  sphere  of  sensation  intensities  that 
the  general  methods  of  modern  experimental  investi- 
gation were  first  most  fully  developed.  The  early 
experimental  investigators  had  the  largest  confidence 
that  they  would  be  able  to  develop  general  mathematical 
formulas  which  would  define  the  relations  between  ex- 
ternal stimuli  and  sensation  intensity  with  a degree  of 
comprehensiveness  and  precision  comparable  to  that 
which  is  attained  in  the  ph}^sical  sciences.  As  a result, 
they  performed  the  most  laborious  experiments,  and 
collected  a mass  of  data  which  is  not  equaled  in  quan- 
tity by  the  data  relating  to  any  other  single  sphere  of 
psychological  phenomena. 

The  general  principle  which  was  established  by  these 
investigators  is  commonly  known  as  Weber’s  Law.  This 
law  states  that  the  increase  in  sensation  intensit}’^  does 
not  follow  directly  the  increase  in  the  ph}’sical  stimulus. 
While  the  physical  stimulus  is  increasing  either  con- 
tinuously or  by  additions  of  small  increments,  the 
sensation  increases  in  recognizable  intensity  only  after 
there  has  been  a certain  percentage  of  increase  in  the 
intensity  of  the  external  stimulus.  To  make  the  matter 
concrete,  if  a certain  intensity  of  light  is  continuously 
increased  or  is  increased  step  by  step  by  small  addi- 
tional amounts  of  energy,  there  may  result  in  subjective 
experience  no  appreciable  increase  whatsoever.  Be- 
fore a change  in  the  intensity  of  the  sensation  can 
arise,  the  external  light  must  be  increased  by  about 
of  its  original  intensit}^  Various  investigators 
have  found  somewhat  different  fractions  ranging  from 
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is  determined  for  a given  intensity  of  light,  say 
one  hundred  candlemeters,  the  same  fraction  holds, 
at  least  approximately,  for  all  other  medium  intensi- 
ties. The  meaning  of  Weber’s  Law  can  be  made  clear 
by  considering  the  following  negative  illustration.  If 
we  add  to  a single  candle  the  small  quantity  of  light 
necessary  to  increase  it  by  an  observer  will  be 
able  to  recognize  the  change.  If,  now,  we  add  to  a light 
of  one  thousand  candlepowers  the  same  of  a 
single  candlepower,  the  effect  will  be  absolutely  un- 
appreciable ; that  is,  the  sensation  will  not  be  modified 
at  all.  Ten  candlepowers  must  be  added  to  one 
thousand  before  an  appreciable  change  takes  place  in 
the  observer’s  experience. 

The  law  holds  in  general  for  all  spheres  of  sensation 
intensity.  The  ratio  of  increase  in  the  different  spheres 
of  sensation  differs.  Thus,  while  it  is  for  light,  it 
is  given  by  Wundt  as  yf^  for  pressure.  Other  frac- 
tions are  reported  for  other  spheres  of  sensation.  In 
general,  however,  the  relation  is  always  of  the  same  type. 
It  has  been  expressed  briefly  in  the  statement,  if  the 
sensation  is  to  increase  in  an  arithmetical  ratio,  the 
stimulus  must  increase  in  a geometrical  ratio.  The 
range  of  applicability  of  this  general  principle  is  limited 
in  each  case  to  stimuli  of  moderate  intensities. 

After  the  law  has  been  established  as  a statement  of 
an  empirical  fact,  it  is  by  no  means  easy  to  determine 
its  value  for  the  explanation  of  mental  life.  It  prob- 
ably expresses  a law  of  nervous  behavior  which  is  a 
special  case  under  the  general  mechanical  principle, 
that  any  increase  in  any  form  of  physical  activity  be- 
comes more  and  more  difficult  as  this  activity  reaches 
a higher  level  of  intensity.  For  example,  it  is  extremely 
difficult  to  add  to  the  speed  of  a locomotive  beyond  a 
certain  point.  If  the  locomotive  is  moving  at  the  rate 
of  fifteen  miles  an  hour,  a moderate  increase  in  the 
amount  of  energy  applied  to  the  machinery  will  in- 
crease the  speed  by  a mile  an  hour.  If,  however,  the 
engine  is  moving  at  the  rate  of  sixty  miles  an  hour,  the 
amount  of  energy  which  must  be  expended  to  add  one 
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mile  to  its  speed  is  very  much  greater  than  the  amount 
which  was  necessary  to  add  this  same  increment  of 
speed  when  the  engine  was  moving  at  the  rate  of  fifteen 
miles.  This  mechanical  principle  is  applicable  to  the 
action  of  the  nervous  system.  If  the  external  stimu- 
lus acting  upon  the  sense  organs  is  producing  a certain 
moderate  degree  of  chemical  activity,  that  chemical 
activity  can  be  intensified  by  a small  addition  to  the 
external  stimulus.  If,  however,  the  stimulus  acting 
upon  the  nerve  cells  is  so  strong  that  it  demands  nearly 
all  of  the  energy  that  the  cell  is  capable  of  giving  out, 
then  the  same  addition  to  the  stimulus  will  produce 
no  effect.  Since  this  is  a general  principle  of  all  nervous 
behavior,  it  is  a principle  which  appears  alike  in  all 
the  different  spheres  of  sensation. 

Other  interpretations  of  Weber’s  Law  have  been  given 
in  the  history  of  psychology.  One  such  interpretation, 
given  by  Fechner,  was  of  a most  ambitious  type  and 
was  intended  by  its  author  to  express  in  exact  mathe- 
matical terms  the  general  relation  between  mind  and 
matter.  The  significant  fact  which  Fechner  was  em- 
phasizing, that  the  relation  between  consciousness 
and  the  physical  world  is  not  direct,  is  abundantly 
established  by  considerations  of  a more  general  charac- 
ter than  those  wliich  Fechner  took  up.  We  have  seen 
in  our  earlier  discussions  of  sensation  qualities  that 
there  are  many  other  phases  of  experience  wliich  do  not 
parallel  the  physical  facts  with  which  they  are  related. 
The  importance  of  Weber’s  Law  as  a demonstration  of 
the  indirectness  of  the  relation  in  question  is,  there- 
fore, relatively  less  now  than  it  was  in  the  time  of 
Fechner.  The  definite  mathematical  formulas  are  of 
relatively  little  value.  The  whole  study  of  sensation 
intensities  was,  indeed,  more  productive  for  general 
psychology  in  the  experimental  methods  which  it 
served  to  cultivate  than  in  the  contribution  which  it 
made  to  the  content  of  psychology.  The  discussion  of 
sensation  intensities  may,  accordingly,  be  dismissed 
without  further  detail.  When  the  methods  of  ex- 
perimental investigation  appropriate  to  this  subject 
were  once  fully  developed,  they  led  on  to  more  fruitful 
problems  and  more  productive  results. 


CHAPTER  VI 


SENSATIONS  AND  THEIR  FUNCTIONAL  RELATIONS 

There  is  some  danger  that  the  student  who  ap- 
proaches mental  processes  through  a study  of  sensa- 
tions will  make  the  mistake  of  assuming  that  sensations 
are  the  same  type  of  facts  for  ordinary  experience  and 
for  scientific  description.  A moment’s  consideration 
will  correct  this  mistake  if  it  exists.  For  example, 
the  color  sensations  which  come  to  the  eye  from  two 
neighboring  shades  of  red  in  a painting  may  be  dis- 
tinguishable as  sensation  qualities  if  they  are  scien- 
tifically considered,  but  they  may  not  be  discriminated 
at  all  in  the  experience  of  a given  observer.  Even  if 
the  observer  is  conscious  of  a difference,  his  conscious- 
ness need  not  always  take  the  form  of  a recognition  of 
difference  in  color  quality.  It  may  be  that  the  artist 
has  used  the  darker  tone  to  suggest  distance,  and  the 
observer  may  accept  the  suggestion  and  distinguish 
only  differences  in  apparent  depth,  not  being  at  all 
aware  of  differences  in  color  quality. 

Such  an  example  as  this  serves  to  illustrate  a dis- 
tinction which  is  important  for  psychology;  namely, 
the  distinction  between  a sensation  and  its  function. 
A sensation  is  a qualitative  element  of  experience  con- 
ditioned by  the  stimulation  of  some  organ  of  sense. 
The  function  of  a sensation  can  be  defined  only  by  con- 
sidering the  use  to  which  the  sensation  is  put.  Thus, 
red  may  serve  under  certain  conditions  the  purpose  of 
warning  an  observer  of  danger  or  under  other  condi- 
tions of  calling  his  attention  to  ripe  fruit.  It  is  no  less 
a sensation  because  it  serves  these  various  ends,  nor, 
on  the  other  hand,  can  the  end  served  be  identifiecl 
with  the  sensation  quality.  The  function  which  a 
given  sensation  serves  is  not  determined  merely  by 
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the  quality  or  intensity  of  tlie  sensation ; it  is  determined 
in  large  measure  by  the  relation  into  which  the  sensa- 
tion enters.  Thus,  the  sound  made  in  articulating  the 
word  “eye”  serves  one  function  when  it  is  u.sed  in 
connection  with  the  description  of  the  organs  of  sense 
and  an  entirely  different  function  when  it  is  u.sed  as  the 
first  personal  pronoun.  The  relations  of  the  sound 
determine  the  value  of  the  sound  for  practical  ex- 
perience. We  must,  therefore,  consider  the  relations 
into  which  sensations  enter  if  we  would  have  a complete 
account  of  experience.  The.se  relations  are  just  as 
much  a part  of  experience  as  the  sen.sation  qualities. 
The  student  of  science,  who  begins  his  study  by  concen- 
trating attention  upon  a sensation  taken  .so  far  as  po.s- 
sible  out  of  its  relations,  and  for  the  moment  considers 
all  sensation  qualities  as  fixed  and  uniform  in  value 
and  distinctness,  must  recognize  that  the  elements  of 
mental  life  never  are  in  reality  fixed  and  uniform;  in 
reality,  they  enter  into  all  manner  of  productive  rela- 
tions. Red  may  be  considered  for  certain  purpo.ses 
of  science  as  a fixed  quality,  but  it  is  in  reality  alwa3's 
a center  for  some  moving  relations. 

Another  way  of  illustrating  the  distinction  between 
sensations  and  sensation  functions  is  to  inquire.  What 
is  a simple  mental  process?  For  the  psychologist 
a sensation  considered  out  of  its  relation  is  a simple 
unit  with  which  he  can  conveniently  work  in  recon- 
structing and  explaining  experiences.  From  the  point 
of  view  of  ordinary  experience,  it  requires  much  mental 
development  to  be  able  to  concentrate  attention  upon 
the  scientific  unit  or  elementary  factor  in  a mental 
process.  The  simplest  mental  process  from  the  point 
of  view  of  mental  development  is  the  kind  of  an  ex- 
perience which  a child  or  an  animal  has,  and  this  is  not 
an  experience  of  a discriminated  sensation  quality. 

An  analogy  will  help  to  make  this  clear.  Considered 
scientifically,  the  movement  of  a single  finger  is  a simple 
element  of  the  more  general  movement  executed  in 
closing  the  hand;  but  considered  from  the  point  of 
view  of  development,  the  separate  movement  of  a 
single  finger  can  be  attained  only  as  the  result  of  long 
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practice,  as  ev^ery  one  knows  who  has  tried  to  bend  a 
single  finger  while  keeping  the  other  parts  of  the  hand 
perfectly  still. 

In  like  manner,  we  find  that  concentration  of  atten- 
tion upon  a single  point  in  the  field  of  vision  is  always 
a special,  highly  developed  effort  of  attention,  in  con- 
trast to  the  general  survey  of  the  whole  visual  field. 
The  general  survey,  though  it  involves  more  factors, 
is  the  easier  and  decidedly  earlier  form  of  visual  obser- 
vation. Finally,  the  concentration  of  attention  upon 
the  mere  color  quality  of  a visual  point  is  a distinctly 
more  difficult  task  than  concentration  on  all  the  attri- 
butes of  such  a point,  that  is,  upon  its  position,  color, 
and  meaning,  without  any  attempt  to  select  one  attri- 
bute to  the  exclusion  of  the  others. 

We  may  sum  up  the  discussion  of  this  distinction 
between  a sensation  and  its  functional  relations  by 
stating  that  an  observer  always  begins  in  his  experience 
with  a great  body  of  sensations  in  their  relations  and 
arrives  at  the  single  sensation  factor  only  by  an  effort 
of  analytical  attention.  Science,  on  the  contrary, 
finds  it  simpler  to  consider  first  the  sensations  out  of 
their  relations,  and  afterward  to  take  up  one  by  one 
the  typical  relations  into  which  the  sensations  may 
enter. 

Our  problem  as  thus  defined  is  perfectly  clear.  After 
the  description  of  sensations  and  their  conditions  comes 
the  study  of  the  relations  into  which  sensations  enter. 
This  problem  may  be  defined  by  introducing  a technical 
term  used  in  all  psychological  literature;  namely,  the 
term  .sense  perception.  Whenever  one  opens  his  eyes 
and  sees  an  object,  he  has  visual  sensations  in  their 
functional  relation;  he  has  what  is  known  as  a visual 
percept.  When  he  hears  and  recognizes  sounds,  he 
has  an  auditory  percept;  when  he  touches  an  object 
with  his  hand,  he  has  a tactual  percept;  when  he  re- 
ceives experiences  through  several  senses  at  once,  he  has 
a percept  made  up  of  a complex  of  sensory  factors. 
The  laws  which  govern  the  process  of  perception  can- 
not be  defined  merely  by  referring  to  the  laws  of  sen- 
sation; there  must  be  a consideration  of  the  laws  of 
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relation  between  sensations.  A percept  is  a complex 
of  interrelated  sensations.  This  chapter  has  to  deal, 
accordingly,  with  the  laws  of  interrelation  between 
sensations. 

Our  problem  is  not  exhausted,  however,  when  we 
have  dealt  with  the  interrelation  between  sensations, 
for  every  sensation  is  related  in  some  way  to  the  active 
processes  of  expression.  This  statement  finds  support 
in  any  consideration  of  the  physiological  structures 
which  are  involved  in  the  reception  and  combination 
of  sensory  processes.  Thus,  in  all  our  study  of  the 
nervous  system  and  its  development,  we  found  that  the 
central  organs  of  the  nervous  system  receive  stimula- 
tions, not  for  the  purpose  of  merely  absorbing  the 
energy  which  these  stimulations  bring  to  them,  but 
rather  for  the  purpose  of  transmitting  the  energy,  after 
redistributing  and  reorganizing  it,  to  the  motor  system. 
A sensory  excitation  is,  therefore,  always  related  to 
some  motor  process.  The  motor  process  is  in  an  im- 
portant sense  the  end  toward  which  the  sensory  pro- 
cess is  aiming.  No  consideration  of  the  functional 
relation  of  the  sensory  process  will  be  complete  without 
reference  to  motor  ends. 

It  will  be  necessary  to  use  certain  terms  to  distinguish 
the  two  types  of  relations  described  in  the  foregoing 
paragraphs.  For  the  relation  between  sensory  quali- 
ties the  term  fusion  will  be  used.  Thus,  when  a book 
is  perceived  as  made  up  of  white  paper  and  black 
printing  and  brown  binding,  it  is  said  to  be  recognized 
through  a fusion  of  the  sensations,  white,  black,  and 
brown.  Fusion  does  not  signify  here  that  the  elements 
change  their  respective  characters,  but  that  the}"  unite 
in  close  relations  in  a single  larger  process,  the  process 
of  perception.  For  the  relation  of  sensations  to  activi- 
ties the  term  expressional  relation  or  the  term  attitude 
will  be  used.  Thus,  when  a sensation  of  pain  issues  in 
an  exclamation,  the  significance  and  value  of  the  pain 
can  be  described  only  by  considering  that  it  arouses  a 
system  of  organized  motor  tracts  which  lead  to  the  ex- 
pressive activity  mentioned.  The  expression  itself  is 
the  final  stage  of  the  process,  but  it  involves  a series  of 
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relations  which  can  conveniently  be  referred  to  by  the 
single  term  attitude. 

For  the  purposes  of  scientific  study,  it  will  be  advan- 
tageous to  consider  fusions  and  attitudes  in  different 
chapters,  as  if  they  were  separable  phases  of  the  prob- 
lem of  functional  relation.  It  should,  however,  be  ex- 
plicitly understood  that  this  subdivision  of  the  problem 
does  not  imply  that  in  practical  experience  fusions  take 
place  without  e.xpressions.  We  shall  take  up  fusions 
first,  but  we  shall  constantly  be  reminded  that  the 
modes  of  expression  which  appear  in  connection  with 
all  sensations  are  so  fundamentally  necessary  that  one 
may  say  that  consciousness  is  characterized  chiefly 
by  the  attitudes  of  wdiich  it  is  made  up,  sensation  serv- 
ing merely  to  initiate  these  attitudes.  So  close  will 
the  relation  between  fusion  and  expression  appear  that 
we  shall  find  the  explanation  of  one  always  involving 
the  other.  With  this  warning  against  the  error  of 
assuming  that  fusion  and  expression  are  unrelated, 
w'e  turn  first  to  a consideration  of  fusion. 

By  way  of  concrete  illustration  let  us  assume  that  a 
person  is  listening  to  a speaker  w'hose  facial  expression 
he  is  also  watching.  Any  single  word  which  the 
speaker  utters  will  be  recognized  by  the  listener,  not 
merely  as  a sound,  but  also  as  a significant  experience 
with  a broader  meaning  attached  to  it.  The  listener 
brings  together  in  his  perception  of  the  whole  situation 
all  of  the  auditory  and  visual  factors  which  attend  the 
hearing  of  the  sound,  and  also  memory  factors  derived 
from  his  past  acquaintance  with  the  speaker  and  his 
past  knowledge  of  the  word.  IMemory  factors  will  not 
be  dealt  with  in  the  first  study  of  sensation  fusions,  it 
is  enough  for  our  present  purposes  to  call  attention  to 
the  fact  that  the  listener’s  recognition  of  the  speaker 
and  his  words  is  a composite,  and  at  the  same  time 
unitary,  experience. 

Certain  leading  characteristics  of  such  a fusion  are 
so  obvious  that  they  will  be  recognized  as  soon  as  stated. 
Thus,  it  will  be  recognized  that  the  visual  and  auditory 
sensation  factors  which  enter  into  the  experience  are 
not  first  considered  as  separate  phases  of  experience 
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and  then  voluntarily  combined  with  each  other  by  an 
additional  process  of  thought.  The  total  mass  of  sen- 
sory experience  present  at  the  moment  is  combined  by 
the  listener  into  a single  act  of  perceptual  recognition 
and  interpretation,  and  this  single  act  is  quite  as  im- 
mediate for  consciousness  as  the  reception  of  the  sen- 
sations themselves.  If  one  considers  the  way  in  which 
such  a fusion  process  has  developed,  he  will  see  that 
there  is  no  justification  for  treating  fu.sion  as  an  act  of 
experience  subsequent  to  the  reception  of  sen.sations. 
When  the  observer  first  began  in  his  earliest  childhood 
or  in  any  novel  experience  of  adult  life  to  look  and  li.sten, 
he  had  in  consciousness  a mass  of  experience  which  in- 
cluded, not  only  the  visual  and  auditory  .sen.sations  from 
the  speaker,  but  also  the  sensations  from  the  back- 
ground surrounding  the  speaker,  the  tactual  sen.sations 
from  the  observer’s  immediate  environment,  and  all 
the  organic  sensations  from  within  the  ob.server’s 
body.  In  short,  the  presence  in  consciousness  of  a 
great  mass  of  sensations  is  the  first  stage  of  all  percep- 
tion. At  this  stage  the  single  sensations  may  be  said 
to  stand  in  a vague,  indefinite,  functional  relation  to  all 
that  is  in  consciousness.  As  experience  becomes  more 
definite,  the  relation  between  certain  of  the  sensation 
factors  becomes  closer  and  more  fixed,  while  other  re- 
lations are  neglected  and  the  unimportant  sensory 
factors  become  vague.  The  fusion  of  the  sensations 
derived  from  a clearly  recognized  speaker  must  be 
considered,  accordingly,  as  a narrowing  down  of  ex- 
perience from  an  original,  loosely  organized  complex, 
to  the  particular  group  of  factors  which  it  is  now  sig- 
nificant to  hold  together,  rather  than  a forcing  together 
of  factors  foreign  to  each  other.  We  shall  have  occa- 
sion later  to  refer  to  the  fact  that  analysis  is  alwavs 
present  in  perception.  It  is  enough  here  that  it  be 
recognized  with  all  clearness  that  fusion  is  not  a late 
and  unique  fact  of  binding  together  the  sensation 
factors  which  were  originally  separate.  It  is  rather 
true  from  the  very  first  that  absolutely  no  sensation  is 
capable  of  presenting  itself  in  consciousness  without 
some  functional  relations,  and  the  term  fusion  is  merel}'^ 
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a term  for  these  functional  relations.  Sensations  are 
never  isolated  factors  in  mental  life;  they  are  imme- 
diately fused  with  each  other. 

Since  fusion  of  some  kind  is  always  present  in  ex-  The 
perience,  the  question  which  arises  for  scientific  study 
is  the  question  of  the  various  types  of  fusion.  When  we 
pass  from  a vague  mass  of  sensory  factors  loosely  united, 
to  a definite  and  well-organized  percept  of  some  single 
object,  what  are  the  various  types  and  stages  of  percep- 
tual analysis  and  fusion?  The  problem  may  be  stated 
somewhat  differently  by  asking,  What  are  the  forms  of 
arrangement  which  develop  in  perceptual  consciousness? 

In  answer  to  thiS  question  we  shall  find  that  the  first  Space, 
and  most  clearly  definable  form  of  fusion  is  that  which  “ect^^aiid^ 
we  know  as  space.  A second  form  of  fusion,  which  it  time.’ 
is  less  easy  to  define  by  a single  term,  may  be  designated 
the  unity  of  individual  objects  in  experience.  Finally, 
there  is  a third  form  of  experience  which  is  very  com- 
monly regarded  as  analogous  to  space,  but  which 
depends,  as  will  appear  later,  upon  more  general  charac- 
teristics of  sensations  and  has  a more  universal  applica- 
tion to  all  of  the  phases  of  mental  life  than  has  space. 

This  more  universal  form  of  experience  is  time.  Again, 
let  it  be  stated  explicitly  that  in  referring  to  these 
forms  of  experience  as  if  they  were  separate  phases  of 
experience,  we  are  simply  following  the  path  of  least 
resistance  in  our  psychological  discussion.  It  is  easier 
to  study  space  and  unity  and  time,  as  if  they  existed 
apart  from  each  other,  rather  than  constantly  to  refer 
to  the  fact  that  no  group  of  sensations  is  ever  organized 
in  space  without  being  also  organized  in  time  and  in 
the  form  of  separate  objects  of  experience.  With  this 
general  statement  as  to  the  grounds  for  considering 
separately  the  forms  of  sensory  fusions,  we  turn  first 
to  the  consideration  of  space. 

I.  SPACE 

A.  Tactual  Space 

One  of  the  earliest  experimental  studies  in  space 
perception  dealt  with  the  spatial  arrangement  of  tactual 
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experiences.  In  his  effort  to  find  some  method  of 
testing  the  sensitivity  of  the  skin,  Weber  measured  the 
distances  which  must  lie  between  two  stimulated  points 
on  the  skin  in  different  parts  of  the  body  in  order  that 
the  points  may  be  recognized  as  separate.  He  found 
that  in  much-used  regions,  such  as  the  ends  of  the  fin- 
gers, the  lips,  and  tongue,  the  distances  which  can  be 
recognized  are  very  small,  often  less  than  a single 
millimeter;  while  on  the  upper  arm  or  the  middle  of 
the  back  the  points  must  be  separated  by  three  to  six 
centimeters  in  order  to  be  recognized  as  two.  Further- 
more, as  has  been  abundantly  shown  since  the  time  of 
Weber,  there  is  the  greatest  uncertainty  in  the  estima- 
tion of  distances  and  directions  in  the  regions  where 
the  distances  are  large. 

On  the  basis  of  these  facts  we  may  empha.size  the 
difference  between  external  space  and  our  recognition 
of  space.  Two  millimeters  of  extension  on  the  middle 
of  the  back  are  for  the  geometrician  equivalent  in  all 
respects  to  the  same  distance  on  the  finger.  For  the 
observer  who  perceives  these  two  regions  through  the 
sense  of  touch,  the  recognition  of  the  two  distances  is 
not  a geometrical  fact,  uniform  for  all  parts  of  the  bod)", 
but  a complex  of  experience.  He  must  have  sensations, 
and  these  sensations  must  be  discriminated  and  ar- 
ranged in  some  relation  to  each  other;  that  is,  they 
must  be  organized  into  a percept  or  complex  of  sensa- 
tions. The  sensation  factors  have  been  accounted 
for  in  our  earlier  discussions.  The  conscious  discrimi- 
nation and  arrangement  of  sensory  factors  in  the  spatial 
form  involves  more  than  the  mere  reception  of  sensa- 
tions. 

Experiments  of  the  kind  which  Weber  tried  can  be 
carried  farther.  Thus,  it  has  been  shown  that  after  a 
little  training  regions  of  the  skin  where  the  discrimina- 
tion was  relatively  difficult  can  be  developed  so  as  to 
permit  of  very  much  finer  discrimination  than  that 
which  was  exhibited  at  first.  In  other  words,  without 
any  radical  change  in  the  sensoiy  conditions,  practice 
will  rapidly  refine  space  perception.  Again,  if  any 
region  of  the  skin  is  stimulated  b}'^  means  of  a continuous 
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line  rather  than  by  two  separate  points,  it  will  be  found 
that  the  greater  mass  of  sensations  received  from  the 
line  facilitates  the  discrimination  of  the  sensations 
received  from  the  extremities  of  the  line.  A line  will, 
therefore,  be  recognized  as  having  extension  when  it  is 
about  one  third  as  long  as  the  distance  between  two 
points  which  are  just  discriminated  as  separate  from 
each  other.  The  difficulty  of  discriminating  two  points 
when  they  are  presented  alone  is  not  due  to  the  char- 
acter of  the  sensations  from  the  points,  but  rather  to 
the  difficulty  of  discriminating  them  without  the  aid 
of  a more  complete  sensory  series  with  which  to  make 
up  the  percept. 

The  discussion  thus  far  makes  it  perfectly  clear  that 
the  recognition  of  distances  on  the  skin  is  a complex 
process,  but  the  observations  reported  do  not  make 
equally  clear  what  elements  enter  into  the  complex. 
In  fact,  the  analysis  of  such  an  experience  into  its 
elements  is  extremely  difficult,  because  the  sensation 
elements  are  not  significant  as  separate  facts,  and  con- 
sequently, it  is  not  easy  to  concentrate  attention  upon 
them  as  distinguished  factors.  Our  analysis  must, 
accordingly,  be  indirect,  beginning  with  certain  general 
studies  of  the  process  of  perceiDtion. 

In  our  search  for  an  explanation  of  the  facts  of  tactual 
perception  of  space,  let  us  ask  what  is  the  course  of  in- 
dividual development.  Any  one  who  observes  an  in- 
fant recognizes  that  early  in  life  there  is  the  greatest 
uncertainty  in  locating  stimulations  on  the  skin.  If 
the  skin  of  an  infant  is  vigorously  stimulated  either  by 
some  accident  or  by  the  efforts  of  some  one  who  is 
interested  in  making  an  experimental  investigation,  it 
will  be  found  that  the  infant  moves  its  hands  about  in 
the  most  indefinite  fashion,  often  failing  entirely  to 
reach  the  irritated  spot.  We  can  understand  the  in- 
fant’s difficulty  if  we  try  to  locate  with  precision  some 
point  which  has  been  stimulated  on  the  skin  of  the 
upper  arm.  The  infant  has  sensation  enough,  just  as 
we  have  when  stimulated  in  an  undeveloped  region, 
but  the  sensation  is  not  properly  related  to  other  sen- 
sations. It  has  no  recognized  relations  which  give 
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it  an  individual  place  in  a well-ordered  sequence  of 
tactual  or  visual  qualities,  because  the  well-ordered 
sequence  has  not  yet  been  built  up.  An  established 
series  of  relations  of  some  definite  kind  is  necessary  be- 
fore the  sensation  can  enter  into  distinct  percepts. 
Until  a definite  relation  is  developed,  the  sen-sation  will 
enter  only  into  vague  fusions,  and  localization  will  be 
altogether  incomplete.  The  change  from  vague  to 
definite  localization  requires  much  experience  and 
attention.  Indeed,  it  is  a fact  ea.sily  verified  that  no 
sensation  becomes  definite  in  its  relations  until  the 
practical  needs  of  life  demand  such  definitene.ss.  The 
reason  why  an  adult  discriminates  points  on  the  end 
of  the  finger  and  not  those  on  his  back,  is  that  in  the 
course  of  life  he  has  been  obliged  to  u.se  his  finger  sen- 
sations. Use  has  led  to  an  arrangement  of  points,  to 
the  development  of  what  may  figuratively  be  called  a 
map.  This  process  of  developing  definitene.ss  in  tactual 
localization  has  undoubtedly  been  very  greatly  facili- 
tated by  the  presence  of  vision.  Even  in  adult  life 
one  can  often  find  himself  making  his  experience  of  a 
tactual  stimulation  more  exact  and  complete  b}”-  look- 
ing at  the  point  irritated,  thus  relating  the  tactual  sen- 
sation to  visual  sensations.  The  process  of  localiza- 
tion of  tactual  sensations  is  also  very  largely  dependent 
on  movement.  It  is  an  empirical  fact  that  the  per- 
ceptual arrangement  of  skin  sensations  is  most  complete 
in  the  most  mobile  parts  of  the  body.  A number  of 
careful  experimental  observers  at  one  time  explored 
the  whole  surface  of  the  skin  and  showed  that  in  an}" 
given  region  that  part  which  is  most  mobile  is  the  part 
on  which  points  are  most  easily  discriminated.  Thus, 
the  hand  is  the  most  highly  developed  part  of  the 
arm;  the  foot  is  the  most  highly  developed  part  of 
the  leg;  the  limbs  are  more  highly  developed  than  the 
trunk. 

In  some  respects  the  tactual  perception  of  blind 
persons  is  more  highly  developed  than  that  of  persons 
who  have  vision.  The  blind  are  not  supplied  with 
better  organs  of  sense,  but  they  make  more  discriminat- 
ing use  of  such  experiences  as  they  receive  through  the 
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skin.  They  also  make  more  use  of  movements  than 
do  normal  persons,  as  may  be  observed  in  the  fact  that 
they  restlessly  explore  every  object  which  comes  within 
their  reach.  The  limitations  of  the  space  perception  of 
the  blind  appear  when  complex  objects  are  presented 
for  recognition.  When  the  mass  of  sensory  impres- 
sions is  great,  the  discrimination  and  fusion  of  these 
sensations  becomes  very  difficult.  This  fact  is  strik- 
ingly illustrated  by  the  history  of  the  raised  letters 
used  in  books  for  the  blind.  The  most  natural  way  of 
producing  such  books,  and  the  way  which  was  followed 
at  first,  was  to  print  in  raised  lines  the  same  letter 
forms  as  are  used  for  persons  who  read  visually.  For 
vision  the  complex  lines  of  ordinary  printed  letters 
offer  no  difficulties,  because  vision  is  so  highly  organized 
that  it  discriminates  easily  the  ordinary  printed  forms. 
No  one  realized  that  touch  being  so  much  coarser 
than  vision  would  discriminate  forms  less  easily. 
Such  proved,  however,  to  be  the  case.  The  letters  for 
the  blind  have,  accordingly,  been  simplified  until  in 
one  of  the  best  and  most  recent  systems,  the  letters 
are  made  up  entirely  of  points.  These  points  are  easy 
to  distinguish,  and  being  placed  near  one  another  are 
also  easy  to  recognize  in  groups. 

The  character  of  tactual  perception  in  the  case  of 
the  blind  is  thus  illustrated  and  discussed  by  Wundt. 
“The  way  in  which  the  blind  alphabet  is  read  shows 
clearly  how  the  space  ideas  of  the  blind  have  developed. 
As  a rule,  the  index  fingers  of  both  hands  are  used  in 
blind  reading.  The  right  finger  precedes  and  appre- 
hends a group  of  points  simultaneously  (synthetic 
touch),  the  left  finger  follows  somewhat  more  slowly 
and  apprehends  the  single  points  successively  (analytic 
touch).  Both  the  synthetic  and  analytic  impressions 
are  united  and  referred  to  the  same  object.  This 
method  of  procedure  shows  clearly  that  the  spatial 
discrimination  of  tactual  impressions  is  no  more  im- 
mediately given  in  this  case  than  in  the  case  where 
vision  was  present,  but  that  in  the  case  of  the  blind  the 
movements  by  means  of  which  the  finger  that  is  used 
in  analytic  touch  passes  from  point  to  point,  play  the 
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same  part  as  did  the  accompanying  visual  ideas  in  the 
normal  cases  with  vision.” 

Another  method  of  describing  the  tactual  perception 
of  space  is  that  adopted  by  Jjotze,  one  of  the  earliest 
of  the  writers  on  physiological  psychology.  Every 
point  on  the  surface  of  the  body  gives  ri.se,  said  Lotze, 
to  a tactual  sensation  which  in  addition  to  its  general 
quality  and  inten-sity  as  a tactual  semsation  has  a 
peculiar  and  characteristic  shading  due  to  the  struc- 
ture of  the  skin  at  the  particular  point  where  the 
stimulus  is  applied.  Thus,  if  the  same  pre.ssure  is 
applied  to  the  lips  and  the  forehead,  the  resulting 
sensations  will,  in  spite  of  general  likene.ss,  be  slightly 
different  in  the  two  cases,  because  there  is  soft  muscular 
tissue  under  the  skin  of  the  lips  and  hard  bony 
tissue  under  the  skin  of  the  forehead.  The.se  .slight 
differences  between  tactual  sensations  which  are  due 
to  locality  lead  the  observer  to  arrange  his  tactual 
sensations  in  certain  systems  or  series.  The  qualitative 
shadings  are  thus  transformed  into  spatial  .series.  The 
qualitative  differences  come  to  signify  position  and  are 
consequently  designated  as  local  signs.  Their  character 
as  local  signs  is  derived  from  the  spatial  sj’^stem  to  which 
they  lead;  they  are  individually  merely  qualitative 
differences. 

The  factors  which  enter  into  tactual  space  percepts 
are  probably  derived  in  part  from  the  inner  organs,  such 
as  the  semicircular  canals,  the  joints,  and  muscles. 
From  the  semicircular  canals,  as  pointed  out  in  an 
earlier  chapter,  there  is  a constant  stream  of  excita- 
tions reaching  the  central  nervous  system  with  every 
change  in  the  position  of  the  body.  The  limbs  in  their 
movements  give  rise  to  sensations  in  the  joints  and 
muscles.  While  the  child  is  exploring  the  surface  of 
his  body  and  attaining  the  degree  of  ability  to  dis- 
criminate points  which  is  shown  by  Weber’s  experi- 
ments, he  is  also  learning  through  muscle  sensations  to 
recognize  distances  away  from  the  surface  of  his  body 
by  reaching  for  things  about  him.  He  is  learning 
through  the  sensations  from  his  semicircular  canals  that 
there  is  a fundamental  distinction  between  “right 


TACTUAL  SPACE 


143 


side  up”  and  oblique  or  inverted  positions.  He  is 
learning  through  joint  sensations  to  recognize  how 
many  steps  must  be  taken  to  cross  certain  stretches  of 
space. 

The  striking  fact  is  that  ultimately  all  these  different 
sensory  factors  are  fused  into  the  same  space  form. 
There  is  not  one  tactual  space  and  another  space  for 
muscle  sensations  and  another  for  joint  sensations. 
All  are  fused  into  a single  system.  For  this  reason  there 
is  a temptation  to  simplify  the  explanation  of  space 
by  assuming  that  the  spatial  form  of  percepts  is  natu- 
ral to  one  special  group  of  sensations  and  is  then  trans- 
ferred to  all  other  sensations.  Muscle  sensations  have 
often  been  credited  with  some  peculiar  spatial  charac- 
teristics. Or  visual  sensations  have  at  times  been 
treated  as  the  source  of  space  when  tactual  experiences 
are  under  discussion.  The  problem  is  thus  evaded. 
Later  in  the  discussion  of  visual  space,  the  converse 
fallacy  creeps  in  of  assuming  that  visual  space  is  ex- 
plained by  fully  developed  tactual  space.  The  general 
fact  must  be  faced  from  the  first,  that  space  is  the  result 
of  a complex  arrangement  of  single  sensations  which 
are,  when  individually  considered,  merely  qualitative 
factors  of  experience.  The  spatial  order  is  a relational 
fact.  Whenever  sensations  are  fused  into  the  spatial 
relation  they  take  on  a character  different  from  that 
which  can  be  assigned  to  them  when  they  are  con- 
sidered alone.  Furthermore,  the  full  nature  of  this 
spatial  relation  will  evidently  not  be  understood  until 
some  recognition  is  given  to  the  total  group  of  tactual, 
auditory,  visual,  and  other  sensations  which  enter  into 
it. 

From  this  survey  of  the  facts  of  tactual  space  we 
have  derived  several  important  conclusions.  Space 
is  a complex  including  many  factors.  Space  is  not  a 
sensation  quality,  but  a relational  form  of  experience. 
Tactual  space  is  not  explicable  without  reference  to 
the  general  formula  of  organization  which  includes 
auditory  and  visual  factors  also. 

We  are,  accordingly,  justified  in  postponing  the  general 
explanation  of  space  perception  until  we  have  taken  up 
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the  facts  regarding  tlie  arrangement  of  auditory  and 
visual  sensations  in  the  spatial  form. 

B.  Auditory  Spice 

Experiments  on  the  localization  of  sounds  may  be 
made  as  follows:  Let  a sound  be  produced  in  the 
median  plane  which  passes  vertically  through  the  head 
from  in  front  backward,  midway  between  the  two  ears. 
If  the  sound  is  simple  in  quality,  as,  for  example,  a 
sharp  click  of  some  kind,  and  the  observer’s  eyes  are 
closed  so  as  to  eliminate  vision  and  make  him  entirely 
dependent  on  hearing,  the  localization  of  the  sound  will 
in  the  majority  of  cases  be  erroneous.  The  .sound 
will  always  be  localized  somewhere  in  the  median  plane, 
but  its  exact  position  in  this  plane  cannot  be  recog- 
nized. If,  on  the  other  hand,  the  sound  Ls  moved 
slightly  to  the  right  or  left  of  the  median  plane,  it  will 
be  found  that  the  observer  can  localize  the  sound  vith 
great  acccuracy.  The  explanation  of  the.se  results  is 
simple  and  depends  chiefly  upon  the  fact  that  the  ob- 
server has  in  the  different  intensities  of  the  two  groups 
of  sensations  received  in  the  two  ears  his  chief  data  for 
the  recognition  of  localization.  From  all  positions  in 
the  median  plane  the  two  groups  of  sensations  received 
in  the  two  ears  have  equal  intensities,  whereas  the  in- 
tensities of  sounds  received  in  the  two  ears  from  any 
position  outside  of  the  median  plane  are  unequal. 

It  is  important  to  notice  that  no  observer  can 
recognize  the  two  groups  of  sensations  from  the  two 
ears  as  separate.  When  we  speak  of  the  two  groups  of 
sensations  as  data  for  localization,  we  do  not  refer  to 
any  explicit  recognition  of  differences;  we  refer  rather 
to  different  factors  which  appear  in  consciousness  only 
in  their  functional  relations.  We  must  assume  that 
as  the  observer’s  experience  has  developed,  the  total 
mass  of  auditory  sensations  has  gradually  been  organ- 
ized in  such  a way  that  equality  in  the  two  groups  of 
sensations  from  the  ears  has  come  to  signif}’  position 
in  the  median  plane,  whereas  inequality  in  the  two 
groups  of  sensations  calls  out  a percept  of  localization 
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on  one  side.  To  speak  of  the  process  as  one  of  recep- 
tion of  the  two  groups  of  sensations  and  fusion  of  the 
received  impressions,  is  undoubtedly  a true  scientific 
description  of  the  facts;  but  in  using  this  description 
we  should  constantly  recognize  that  there  is  no  isola- 
tion in  the  observer’s  consciousness  of  the  factors  in- 
volved, rather  a gradual  development  of  all  of  the 
factors  into  a single  clearly  arranged  percept.  The  only 
sense  in  which  we  have  a right  to  speak  of  discrimina- 
tion in  such  a connection  is  that  in  which  we  refer  to 
the  conscious  setting  off  of  the  definitely  localized 
auditory  experience  from  the  total  mass  of  sensations 
offered  to  the  observer.  Auditory  localization  is, 
accordingly,  not  a series  of  steps  by  which  isolated 
sensory  factors  are  forced  together.  It  is  rather  an 
immediate  process  of  arranging  the  world  of  auditory 
sensations  in  terms  of  the  possibilities  of  harmonious 
arrangement. 

Undoubtedly  here,  as  in  the  case  of  tactual  space,  the 
facts  of  movement  are  of  great  significance  in  organiz- 
ing sensory  experience.  If  a sound  on  one  side  of 
the  head  is  more  intense  than  the  sound  on  the  other, 
there  will  be  a strong  tendency  to  readjust  the  head  in 
such  a way  that  the  stronger  sound  shall  be  made 
even  more  intense  and  the  weaker  group  of  sensations 
shall  be  made  still  fainter  by  the  movement  of  the  head. 
If  a sound  is  in  the  median  plane  and  there  is  difficulty 
in  getting  at  its  precise  localization,  there  is  frequently 
a noticeable  effort  on  the  part  of  the  observer  to  bring 
the  head  into  such  a position  that  a more  satisfactory 
determination  of  position  shall  be  possible  through  a 
modification  of  the  intensities  of  the  sensations  from 
the  two  ears.  Often  auditory  perception  issues  in  a 
movement  which  tends  to  bring  the  eyes  toward  the 
source  of  the  sound.  The  same  tendency  which  was 
noted  in  the  discussion  of  tactual  sensations  to  fuse 
various  kinds  of  .sensations  into  a single  spatial  system 
is  obvious  in  this  effort  to  supplement  hearing  by 
vision. 

The  experiment  which  has  been  described  can  be 
made  more  elaborate  by  giving  attention  to  qualita- 
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live  differences  as  well  as  to  intensive  differences  in  the 
two  groups  of  sen.sations  received  by  the  two  ears. 
There  can  be  no  doubt  that  the  external  pinna  of  the 
ear  modifies  somewhat  the  character  of  the  sound  as 
it  enters  the  auditory  canals.  If  a complex  sound 
strikes  the  pinna  from  in  front,  its  quality  will  be  differ- 
ent from  that  which  would  result  if  the  same  sound  were 
carried  into  the  ear  from  behind.  As  a result  of  these 
qualitative  modifications  produced  by  the  external 
ear,  we  are  able  to  localize  complex  sounds  even  in 
the  median  plane.  The  human  voice,  for  example, 
in  the  median  plane  of  the  head,  can  usually  be  recog- 
nized with  great  precision  as  coming  from  a point  in 
front  or  behind.  It  was  for  this  reason  that  the  earlier 
experiment  in  which  differences  in  intensity  were  to  be 
emphasized,  employed  simple,  indifferent  sounds  which 
could  not  be  easily  modified  in  quality  through  the 
action  of  the  external  ears. 

The  significance  of  qualitative  auditory  differences 
for  localization  of  sounds  is  very  well  shown  in  the 
following  negative  experience.  If  one  attempts  to 
locate  the  source  of  a high  shrill  sound,  such  as  that 
produced  by  a cricket,  he  finds  it  very  difficult.  The 
tone  produced  by  the  cricket  is  so  high  in  its  pitch  that 
the  ordinary  observer  hears  nothing  but  the  fundamen- 
tal tone,  the  overtones  being  quite  bejmnd  the  range 
of  the  ear.  The  tone  is,  therefore,  for  human  hearing, 
a perfectly  simple  tone,  and  its  qualit}'^  will  undergo 
no  change  through  resonance  as  it  strikes  the  pinna 
from  any  direction.  Its  intensity  is  also  so  small  that 
the  difference  of  intensity  between  the  sounds  in  the 
two  ears  will  be  minute.  The  difficulty  experienced 
in  turning  the  two  ears  so  that  they  shall  give  anj’  clear 
indications  of  the  position  of  the  source  of  the  sound 
will  be  familiar  to  many  observers. 

In  human  experience  the  ability  to  localize  sounds  is 
not  very  fully  developed.  Sounds  are  used  rather  as 
means  of  social  communication,  and  qualitative  differ- 
ences are  more  important  than  spatial  differences. 
There  is,  perhaps,  some  connection  between  this  reduced 
emphasis  on  spatial  organization  in  man  and  the  re- 
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duction  of  the  outer  ear  to  a rudimentary  and  stationary 
organ.  Many  of  the  animals  that  depend  upon  sound 
to  guide  tliem  in  their  activities  are  capable  of  modifying 
in  a marked  degree  the  way  in  which  sounds  enter  the 
ear  by  turning  their  outer  ears  in  various  directions. 
They  are  thus  able  to  increa.se  or  decrease  the  intensity 
of  sounds  and  to  modify  their  quality.  The  move- 
ment sensations  thus  derived  from  the  outer  ear  and 
the  resulting  series  of  changes  in  quality  and  intensity 
must  fuse  in  such  cases  into  single  complex  recognitions 
of  direction. 

The  foregoing  discassion  of  binaural  localization  in 
direction  may  be  siqjplemented  by  reference  to  the 
fact  that  the  recognition  of  the  distance  of  sounds  in- 
volves a large  body  of  organized  experiences.  If  one 
hears  the  human  voice  sounding  very  faintly  in  his 
ears,  his  frequent  experience  with  voices  and  their 
normal  intensity  when  the  speakers  are  near  at  hand 
will  lead  him  to  recognize  that  the  person  speaking  is 
far  away.  Furthermore,  the  qualitative  character  of 
the  sound  as  well  as  its  intensity  is  modified  by  the  re- 
motene.ss  of  its  source,  the  elements  of  the  sound 
being  less  distinct  when  it  is  transmitted  from  a great 
di.stance  to  the  ear.  The  intensity  and  quality  are, 
accordingly,  both  utilized  in  interpretations  of  distance 
so  long  as  the  .sound  is  familiar. 

In  contrast  to  the  relatively  easy  estimation  of  the 
distance  of  a familiar  sound,  it  is  extremely  difficult 
to  estimate  the  distance  of  the  source  of  an  unfamiliar 
sound.  An  experiment  may  be  tried  by  producing 
an  unfamiliar  sound,  such  as  that  which  results  from 
snapping  a card  in  the  neighborhood  of  an  observer’s 
heafl.  Until  this  sound  has  become  familiar  the 
errors  in  estimation  of  distance  will  be  very  noticeable. 

The  complexity  of  auditory  space  perception  is 
more  evident  than  the  complexity  of  tactual  space 
perception.  So,  also,  is  the  dependence  of  auditory  space 
upon  other  forms  of  spatial  organization.  We  may 
conclude  this  survey  of  auditory  space  with  a reitera- 
tion of  the  conclusions  reached  at  the  end  of  the  earlier 
section  on  tactual  space. 
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C.  Visvxil  Space 

Optical  If  we  turn  from  auditory  space  perception  to  visual 

illusions.  experiences,  we  find  a rich  variety  of  different  forms  of 
space  perception.  There  are  certain  cases  of  incorrect 
perception  of  length  and  direction  of  figures  in  plane 
surfaces,  constituting  what  are  known  as  geometrical 
optical  illusions.  These  are  especially  clear  examples 
of  complex  perception.  They  are  also  instructive  to 
the  student  of  psychology  because  they  show  that  per- 
ceptual interpretation  is  not  a mere  copy  of  external 


Fig.  42.  Miiller-Lyer  illusion.  The  length  of  the  horizontal  line  A 
is  equal  to  the  length  of  the  horizontal  line  B.  For  further 
discussion  of  the  figure  see  text. 


reality.  Take,  for  example,  the  illusion  represented 
in  Fig.  42.  The  two  lines  A and  B are  in  realit}'  equal 
to  each  other,  but  the  observer  will  recognize  at  once 
that  they  seem  to  be  of  different  lengths.  The  retinal 
image  of  each  line  is  distinct  and  clear;  the  apparent 
inequality  cannot,  therefore,  be  attributed  to  any 
confusion  in  the  retinal  processes;  it  must  be  attributed 
to  some  kind  of  perceptual  complexit5^  The  explana- 
tion of  the  source  of  this  illusion  has  been  the  subject 
of  much  discussion,  and  it  is  probably  true  that  no  single 
statement  will  account  for  the  apparent  inequality  of 
A and  B.  In  a general  w^ay  it  maj''  be  said  that  one 
cannot  look  at  A and  B without  including  in  his  field 
of  vision  the  oblique  lines,  and  the  oblique  lines  are 
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such  striking  and  unfamiliar  additions  to  the  long  lines 
that  they  are  not  neglected  as  they  should  be  in  per- 
ceiving the  length  of  the  horizontals.  If,  in  addition 
to  this  general  statement,  we  attempt  to  show  in  detail 
how  the  oblique  lines  affect  the  horizontals,  there  are  a 
number  of  facts  which  may  be  noted.  The  oblique 
lines  produce  less  of  an  effect  upon  some  observers 
than  upon  othere.  This  can  be  shown  by  making 
quantitative  determinations  of  the  intensity  of  the 
illusion.  For  this  purpose  one  of  the  figures  of  the  pair 
under  discussion  is  made  adjustable,  and  the  observer 
sets  it  until  it  seems  to  him  equal  to  the  other  figure. 
When  the  two  seem  equal,  they  will  be  in  reality  differ- 
ent. The  amount  of  difference  can  now  be  readily 
measured,  and  the  results  from  various  observers 
compared.  Not  only  are  the  results  of  such  measure- 
ments different  for  different  observers,  but  the  same 
individual  will  at  various  times  give  different  results. 
One  especially  significant  case  of  individual  variation 
is  that  in  which  the  observer  deliberately  sets  about 
comparing  the  figures  a great  number  of  times  for  the 
purpose  of  becoming  familiar  with  them.  Three  stages 
of  change  in  interpretation  show  themselves  in  such  a 
practice  series.  First,  the  observer  takes  a general 
view  of  the  whole  figure,  as  does  the  ordinary  observer 
who  looks  casually  at  the  illusion;  he  gets  in  this  case 
a strong  illusion.  Second,  the  observer  tries  to  look 
at  the  long  lines  and  neglect  the  obliques ; that  is,  he 
makes  an  effort  to  overcome  the  disturbing  influence 
in  a negative  way.  During  this  period  of  conscious 
neglect  of  the  obliques,  the  illusion  grows  somewhat 
weaker,  but  it  does  not  disappear.  Finally,  in  the  third 
stage,  the  observer  reaches  the  point  where  there  is  no 
need  of  an  effort  to  neglect  the  obliques.  Interpreta- 
tion may  be  said  to  be  so  completely  worked  out  in  this 
stage  that  the  obliques  and  the  long  lines  fall  into  their 
proper  relations  without  interfering  with  one  another. 
J'iach  is  included  in  the  percept,  but  in  its  true  sig- 
nificance. At  this  stage  the  illusion  is  entirely  over- 
come. 

Such  facts  as  these  make  it  clear  that  a visual  percept 


Quantita- 
tive deter- 
minations 
of  the 
amount  of 
the  illusion 


Effects  of 
practice. 


150 


PSYCHOLOGY 


The  recog- 
nition of 
every  line 
in  the 
visual  held 
is  influ- 
enced by 
the  svir- 
roundings 
of  the  line. 


Other  facts 
also  show 
that  size  is 
a matter  of 
relations. 


includes  all  the  factors  in  the  field  of  vision.  If  these 
factors  are  conflicting,  they  may  result  in  grotesque 
misinterpretations.  If,  on  the  other  hand,  they  are 
thoroughly  assimilated  into  the  percept,  they  take  their 
appropriate  relations  and  no  longer  disturb  the  total 
process  of  perception.  A great  many  other  illustra- 
tions could  be  brought  forward  to  show  the  relation  of 
one  part  of  the  visual  field  to  all  other  parts.  Thus, 
one  cannot  look  at  a line  on  a large  blackboard  and  fail 
to  be  influenced  in  his  estimation  of  the  length  of  the 
line  by  the  large  surrounding  space.  Conversely,  a 
line  drawn  on  a small  sheet  of  paper  is  always  inter- 
preted in  terms  of  the  paper  as  either  relatively  long  or 
relatively  short.  Objects  seem  very  different  in  size 
when  seen  outdoors,  and  again  in  a small  room.  Figure 
43  illustrates  this  principle  by  showing  a short  central 
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Fig.  43.  The  middle  portion  of  the  short  horizontal  line  marked 
off  by  the  verticals  seems  longer  than  the  equal  distance  marked 
off  in  the  long  horizontal  line. 


line  as  part  of  a long  line  in  one  case  and  as  part  of  a 
short  line  in  a second  case,  with  the  result  that  the  cen- 
tral line  seems  to  be  of  different  lengths  in  the  two  cases. 

Other  complications  than  those  from  the  surrounding 
visual  field  also  influence  one’s  perception  of  size. 
The  natural  standards  of  size  which  depend  upon 
familiarity  and  upon  the  relations  of  objects  to  one’s 
own  body  are  constantly  influencing  perception.  Time 
and  again  descriptions  have  been  given  b}’’  observers 
of  the  fact  that  a road  seems  longer  the  first  time  one 
passes  over  it,  when  all  the  sights  are  unfamiliar;  and 
many  have  also  referred  to  the  fact  that  places  known 
in  childhood  always  seem  small  when  revisited  in 
mature  life. 

The  significance  of  all  these  facts  for  our  understand- 
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ing  of  visual  space  is  not  hard  to  find.  Putting  the 
matter  in  physiological  terms,  we  may  say  that  when 
series  of  visual  stimulations  from  a given  line  or  figure 
reach  the  visual  center,  they  find  there  a larger  series  of 
excitations  from  other  points  on  the  retina.  There  is 
also  a more  or  less  completely  developed  series  of  tracts 
leading  out  of  the  sensory  area  toward  the  associa- 
tion areas  and  motor  areas.  If  the  stimulation  is  dis- 
charged through  a path  which  results  in  the  movement 
of  the  eyes  along  a single  hue,  or  if  the  special  form  of 
activit}'’  consists  in  hohling  the  eyes  fixated  on  a single 
point,  the  activity  can  be  properly  executed  only  when 
all  the  retinal  stimulations  are  coordinated  so  as  to 
flow  harmoniously  into  a single  motor  tract.  The 
coordination  of  the  various  sensations  may  not  be  com- 
plete in  some  cases;  that  is,  the  various  sensory  factors 
interfere  with  each  other,  obliques,  for  example,  con- 
flicting with  horizontals;  there  will  then  be  evidences 
of  conflict  in  the  percept  and  in  the  movement.  Every 
eye  movement  and  every  fixation  is  thus  a product  of 
organization,  in  which  the  various  sensory  factors  in 
the  field  of  vision  are  given  recognition  either  in  a well- 
coordinated  manner  or  in  some  type  of  illusion.  It  is 
not  true,  as  is  often  supposed,  that  we  neglect  the  visual 
impressions  which  lie  outside  of  the  point  of  fixation. 
We  use  these  outlying  sensations  as  the  framework  for 
the  lines  and  figures  which  are  at  the  center  of  recog- 
nition. Sometimes,  as  in  a strong  illusion,  the  outlying 
sensations  are  not  yet  assigned  to  their  proper  functions 
as  framework  for  the  central  part  of  the  figure,  but  are 
incorporated  into  the  figure  itself.  Then  the  percfep- 
tual  process  will  be  complicated  by  these  additional 
lines,  and  an  illusion  will  result.  The  complication 
occurs  even  when  no  actual  movement  is  executed, 
because  the  total  organization  of  the  associated  cen- 
tral tendencies  is  in  the  direction  of  the  distracting 
factors. 

A clearer  understanding  of  the  matter  will  be  reached 
by  considering  the  results  of  photographic  investiga- 
tions, in  which  the  path  of  the  eye  movement  in  look- 
ing over  certain  illusory  figures  has  been  determined. 
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In  Fig.  44  there  is  presented  one  of  the  most  striking 
of  the  illusions  of  direction.  The  long  lines  are  in 
reality  jjarallel  with  each  other,  but  the  obliques  are  far 


% 


Fig.  44.  Zollner  illusion.  The  long  lines  are  parallel  with  each  other. 


too  distracting  to  permit  the  ordinary  observer  to  recog- 
nize the  true  relations  between  the  parallel  lines.  Fig- 
ure 45  shows  another  illusion  of  direction.  The  oblique 
lines  are  parts  of  a single  line,  but  seem  to  extend 
in  slightly  different  directions  because  of  the  interrupt- 
ing space  between  the  parallels.- 
Figure  46  shows  the  paths  in 
which  photographs  indicate  that 
the  eye  of  an  observer  moved  in 
attempting  to  look  at  the  illusions 
discussed.  In  A the  movement 
over  the  Zollner  pattern  is  shown. 
It  is  evident  from  the  movements 
indicated  in  the  photographs  that 
the  sensation  factors  are  not  fully 
mastered  so  as  to  permit  coordi- 
nated movements  along  the  parallel 
lines.  The  result  is  that,  though 
these  lines  give  perfectl}-^  clear 
retinal  images,  they  do  not  stand  in  their  true  relations 
in  experience.  The  photographs  show  that  often  there 
is  sufficient  fusion  of  the  sensor}''  factors  to  permit  a 
single  movement  in  following  a line,  and  this  single 
movement  is  in  the  general  part  of  the  field  of  vision 
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Fig.  45.  Poggendorff 
illusion.  A,  B are 
parts  of  the  same 
straight  line. 
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Fio.  46.  These  figures  show  the  path  followed  by  the  eye  of  an  ob- 
server in  examining  certain  of  the  foregoing  illusions.  In  each 
of  the  figures  the  path  of  the  eye  movement  is  indicated  by  a 
supplementary  line.  The  numbers  placed  along  these  sup- 
plementary lines  indicate  the  points  at  which  a pause  was  made 
[See  following  in.scription  at  bottom  of  next  page.] 
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in  which  the  line  lies,  but  it  is  only  a gross  general  ap- 
proximation to  the  line.  This  corresponds  exat^tly  to 
the  fact  that  the  experience  of  the  figure  consists  of  a 
gross  general  perception  of  the  long  line  and  its  ob- 
liques. One  observer,  after  the.se  preliminary  photo- 
graphs of  his  eye  movements  in  looking  at  the  Zollner 
pattern,  put  himself  through  a series  of  quantitative 
tests  with  the  figure.  In  this  practice  series  he  grad- 
ually overcame  the  distracting  effects  of  the  oblique 
lines,  and  the  illusion  disappeared.  A second  series 
of  photographs  taken  after  the  practice  .series  showed 
that  his  eye  followed  the  long  line  with  great  preci- 
sion. Photographs  with  other  illusions  show  clearly 
the  distracting  effects  of  the  additional  lines  as  in- 
dicated in  full  in  Fig.  46. 

When  we  study  in  plain  figures  the  relation  of 
size  to  distance  from  the  observer,  we  find  a series 
of  complexities  even  greater  than  those  which  have 
appeared  thus  far.  In  order  to  demonstrate  this 
experimentally,  an  observer  should  first  seciire  an 
after-image  through  the  steady  fixation  of  some 
bright  object.  The  after-image  covers  a certain  num- 
ber of  retinal  elements,  and  may  be  considered  as 
giving,  as  long  as  it  lasts,  a constant  group  of  sensa- 
tions. When  the  observer  is  looking  at  the  object, 
this  mass  of  sensations  will  be  interpreted  as  ha^■ing 
a certain  definite  size  and  distance.  When  the  same 
mass  of  impressions  comes  from  the  after-image,  it 


in  the  course  of  the  eye  movement.  In  Fig.  A the  obser%'er  was 
attempting  to  follow  the  long  line  of  the  illusion.  It  will  be 
noticed  that  he  departs  from  the  long  line,  and  at  the  extreme 
end  of  the  movement,  as  at  S and  5,  makes  a short  corrective 
movement  by  which  he  again  fixates  the  long  line.  In  Fig.  46 
B the  distracting  influence  of  the  vertical  lines  is  ob\-ious,  as  is 
also  the  difficulty  of  moving  the  eye  across  the  open  space  in  any 
such  way  as  to  reach  the  point  of  interconnection  between  the 
vertical  and  oblique  lines.  In  Fig.  C it  will  be  noted  that  the 
eye  movement  is  very  free  in  that  part  of  the  figure  which  is 
overestimated,  and  much  restricted  whenever  the  eye  approaches 
one  of  the  acute  angles.  This  is  indicated  by  the  frequent  pause 
in  5,  4r  In  S it  will  be  noted  that  the  eye  is  deflected 

from  the  horizontal  line  b}’  the  oblique. 
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can  easily  be  related  to  different  distances,  and  with 
each  change  in  apparent  distance  it  will  take  on  a 
different  apparent  size.  The  change  in  distance  can 
easily  be  produced  by  looking  at  various  surfaces  which 
are  at  different  distances.  The  after-image  will  seem 
in  each  case  to  be  on  the  surface  at  which  the  observer 
is  looking  at  the  moment,  whatever  the  distance  of  that 
surface.  The  after-image  will  seem  smaller  when  the 
surface  on  which  it  is  projected  is  nearer  than  the  original 
object  from  which  the  image  was  derived,  and  larger 
when  the  surface  is  farther  awa3^ 

This  series  of  observations  makes  it  clear  that  the  size 
of  a retinal  image  does  not  determine  the  interpretation 
of  the  size  of  an  object  without  reference  to  the  addi- 
tional fact  of  distance.  A given  retinal  image,  for 
the  after-image  on  the  retina  remained  the  same  through- 
out the  series  of  observations,  may  be  interpreted  as 
a large  object  far  away  or  as  a small  object  near  at  hand. 
The  optical  principle  which  underlies  this  series  of 
observations  is  illustrated  in  Fig.  47.  In  this  figure  the 


Fig.  47.  The  retinal  image  AB  may  be  equally  well  related  to  any 
one  of  the  objects  ab,  a'  b',  or  a"  b". 

retinal  image  is  represented  by  the  inverted  arrow  AB, 
and  the  lines  from  the  e.xtremities  of  this  image  pass- 
ing through  the  optical  center  of  the  lens  determine 
the  positions  of  various  e.xternal  objects,  any  one  of 
which  satisfies  the  image.  It  will  be  seen  from  this 
drawing  that  a succession  of  arrows  outside  of  the  eye, 
differing  in  length  from  each  other,  may  all  cast  the 
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same  retinal  image.  This  general  principle  is  doubt- 
less familiar  to  every  one  when  stated  in  the  following 
simple  terms  : A small  oliject  such  as  the  finger  held 
near  the  eye  can  shut  out  the  image  of  a large  remote 
object,  such  as  a tree  or  a building.  When,  now,  the 
after-image  in  the  experiment  is  projected  to  distances 
near  and  far  away,  its  significance  and  perceptual 
interpretation  are  immediately  modified,  even  though 
the  retinal  sensations  are  uniform  in  volume  and  dis- 
tribution on  the  sensory  surface  of  the  eye. 

The  complement  of  the  foregoing  experiment  with 
the  after-image  can  be  tried  in  the  laboratorj’^  by  plac- 
ing the  observer  in  a dark  room  where  only  a single  ob- 
ject is  visible.  Let  this  single  object  consist  of  an  area 
of  ground  glass  uniformly  lighted  from  behind  and 
controlled  with  reference  to  its  size  b}"^  a diaphragm 
which  can  be  opened  and  closed  in  such  a wa}^  as  to 
keep  all  of  its  dimensions  in  a constant  relation  to  each 
other.  If  the  observer  looks  at  such  an  area  with  one 
eye,  and  the  area  is  moved  backward  and  forward  or 
held  at  a given  distance  and  changed  in  size,  it  will  be 
found  that  it  is  quite  impossible  for  the  observ’er  to  deter- 
mine whether  the  changes  in  his  experience  are  due  to 
changes  in  the  size  of  the  retinal  image  which  result 
from  a movement  of  the  object  to  a greater  or  less  dis- 
tance, or  to  changes  which  result  from  the  closing  or 
opening  of  the  diaphragm.  This  shows,  as  did  the  ex- 
periment with  the  after-image,  that  the  size  of  a retinal 
image  is  not  an  adequate  basis  in  experience  for  the 
interpretation  of  the  size  of  the  object.  The  retinal 
image  has  always  relative  value  only.  The  factor  of 
distance  enters  into  interpretation,  as  indicated  in  the 
experiments  above  described,  and  the  distance  must 
be  interpreted  in  every  case,  or  the  size  of  the  object  is 
not  determined. 

These  observations  lead  us  to  a problem  which  was 
so  clearly  stated  by  one  of  the  early  writers  in  the 
modern  period  of  ps3’cholog3'’  that  we  ma3*  quote  his 
statement  in  full.  In  a treatise  published  in  1709, 
Bishop  Berkeley  said:  “It  is,  I think,  agreed  b3’  all 
that  distance  of  itself,  and  immediatel3’,  cannot  be 
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seen.  For  distance  being  a line  directed  endwise  to 
the  eye,  it  projects  onl}"  one  point  on  the  fund  of  the 
e}'e  — which  point  remains  invariably  the  same, 
whether  the  distance  be  longer  or  shorter.  I find  it 
also  acknowledged  that  the  estimate  we  make  of  the 
distance  of  objects  considerably  remote  is  rather 
an  act  of  judgment  grounded  on  experience  than  of 
sense.”  Berkeley  goes  forward  in  the  remainder  of 
the  Essay  toward  a Neio  Theory  of  Vision  to  account 
for  this  process,  which  he  calls  a process  of  judgment. 
He  draws  attention  to  the  fact  that  whenever  one 
looks  at  an  object  near  at  hand  he  turns  his  eyes 
inward  in  such  a way  that  the  points  of  view  from 
which  he  observes  the  object  are  different, in  the  two 
eyes,  and  the  two  axes  of  vision  converge  upon  the 
center  of  attention.  The  convergence  of  the  two  eyes, 
he  asserts,  gives  rise  to  certain  experiences  of  move- 
ment, which  are  utilized  as  interpreting  factors. 

Whatever  may  be  the  agreement  or  disagreement 
of  modern  psychological  views  with  this  conclusion 
of  Berkeley’s,  it  is  clear  from  the  outset  that  a problem 
has  been  stated  in  terms  which  are  familiar  to  the  stu- 
dent who  has  learned  to  recognize  in  spatial  arrange- 
ments complex  forms  of  mental  activity.  Fortunately 
for  psycholog}",  the  problem  of  the  recognition  of  visual 
depth  is  one  of  the  easiest  problems  in  space  percep- 
tion to  subject  to  scientific  analysis.  If  it  is  true, 
as  Berkeley  stated,  that  the  two  eyes  cooperate  in  fur- 
nishing the  data  necessary  for  depth  perception,  then 
it  should  be  possible  to  show  that  the  recognition  of 
depth  is  seriously  interfered  with  by  the  withdrawal 
of  any  of  the  factors  contributed  by  the  two  eyes. 
Later  investigations  have  made  it  certain  that  Berke- 
ley was  right  in  this  matter.  It  is  possible  to  show  by 
ver}"  simple  experiments  that  the  two  eyes  contribute 
very  largely  to  the  recognition  of  depth.  It  is  not 
possible  to  remove  altogether  the  influence  of  both 
eyes,  even  when  one  is  closed ; hence,  vision  can  never 
be  reduced  to  strictly  monocular  vision,  but  the  follow- 
ing simple  experiment  may  be  tried  to  show  the  de- 
pendence of  the  clear  recognition  of  depth  upon  vision 
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with  two  eyes.  If  an  ohserver  covers  one  eye  and 
then  attempts  to  bring  iiis  finger  directly  over  some 
object  which  stands  in  front  of  the  open  eye,  he  will 
find  that  the  ability  to  bring  the  finger  directly  over 
the  object  in  que.stion  is  very  much  less  than  his  ability 
to  do  so  under  the  ordinary  conditioas  of  binocular 
vision.  A direct  observation  of  the  same  general  fact 
can  be  made,  if  the  observer  will  note  carefull}'  the 
difference  in  the  apparent  solidity  and  remoteness  of 
objects  when  he  observes  them  first  with  a single  e}’^e 
and  immediately  afterward  with  both  eyes  open.  These 
observations  show  that  the  complete  recognition  of 
depth  involves  all  the  sensory  factors  from  the  two 
eyes;  whenever  there  is  any  disturbance  of  the  normal 
conditions,  the  result  appears  in  incomplete  perception, 
for  the  relational  or  perceptual  process  does  not  in  such 
cases  have  its  normal  complex  of  content  with  which 
to  deal. 

The  contributions  made  to  experience  by  the  two 
eyes  are  different,  as  can  be  clearly  seen  if  an  ob.ser\'er 
will  hold  some  solid  object  near  the  face,  and  look  at  it, 
first  with  one  eye  open  and  then  with  the  other.  The 
difference  between  the  two  views  in  the  two  eyes  can 
be  briefly  defined  by  saying  that  with  the  right  eye 
one  sees  more  of  the  right  side  of  a solid  object  and  less 
of  the  left  side,  while  with  the  left  eye  one  sees  more  of 
the  left  side  of  a solid  object  and  less  of  the  right  side. 
These  relations  are  made  clear  in  Fig.  48.  When  the 
two  retinal  images  from  the  solid  object  are  received 
by  an  observer,  they  are  immediately  fused  with  each 
other  into  a single  perceptual  complex,  as  were  the 
two  groups  of  auditory  sensations  discussed  in  an 
earlier  section  of  this  chajAer. 

Enough  has  been  said  in  the  discussions  of  auditory 
localization  to  make  it  clear  that  the  process  of  fusion 
of  two  groups  of  sensations  is  not,  either  in  the  case  of 
hearing  or  vision,  a separate  conscious  activity'  in 
which  the  two  groups  of  sensation  factors  are  first 
considered  apart  and  afterward  bound  together  by  some 
additional  mental  effort.  Experience  has,  in  both 
cases,  gradually  developed  in  such  a way  that  the  total 
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mass  of  sensations  received  through  the  two  ears  or 
the  two  eyes,  fuses  in  each  case  into  a single  experience 
which  reflects  in  its 
spatial  arrangement 
its  complex  origin, 
but  does  not  betray 
its  complexity  in 
any  directly  observ- 
able separation  of 
the  factors  of  sen- 
sation. The  result 
is  that  it  is  quite 
impossible,  by  any 
form  of  introspec- 
tion, to  determine 
while  looking  at  an 
object  with  both 
eyes,  which  factors 
of  experience  arise 
from  the  stimula- 
tion of  one  retina 
and  which  factors 
arise  from  the  stim- 
ulation of  the  other 
retina.  It  is  only 
when  one  eye  is 
closed  that  we  are 
able  to  distinguish 
between  the  factors 
which  enter  into 
composite  binocular 
vision.  When  ob- 
servations are  thus 
made  with  a single 
eye,  after  closing 
the  other  eye,  it  is 


Fig.  48.  Showing  binocular  parallax. 
The  cube  BDAC  is  'held  near  the  two 
eyes  with  the  result  that  the  right 
eye  sees  the  surface  DA  and  the  right 
side  of  the  cube,  while  the  left  eye 
sees  the  surface  DA  and  the  left  side 
of  the  cube.  If  a plane  is  passed 
through  the  rays  of  light  which  enter 
the  eye  from  the  cube,  as  indicated 
by  the  dotted  line  in  the  figure,  it  will 
be  seen  that  the  retinal  images  of  the 
two  eyes  contain  each  a distinct  ele- 
ment. The  eye  on  the  left-hand  side 
of  the  figure  has  a retinal  image  cor- 
responding to  BD,  which  is  absent  in 
the  other  eye.  Further  details  will 
be  obvious  from  the  figure. 

shown  conclusively 

that  there  is  a difference  between  the  two  retinal  images 
derived  from  a solid  object. 

There  is  an  apparatus  often  used  for  purposes  of 
amusement,  in  which  the  principle  that  the  appearance 
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of  solidity  depends  upfin  disparity  of  the  two  retinal 
images,  is  utilized  to  produce  the  appearance  of  stolidity 
even  when  no  solid  object  is  present.  The  apparatus 
in  question  is  the  stereoscope.  J^hotographs  are  taken 
or  drawings  are  made,  corresponding  in  form  to  the 
retinal  images  which  would  be  obtained  by  two  eyes 
if  they  were  looking  at  a solid  figure  or  series  of  figures 
at  different  depths.  The  two  drawings  or  photographs 
are  then  projected  by  means  of  the  stereoscope  into 
the  two  eyes  of  an  observer  in  such  a way  that  the  right 
retina  is  stimulated  by  the  image  appropriate  to  the 
right  eye,  and  the  left  retina  is  stimulated  by  the  figure 
appropriate  to  the  left  eye.  The  ob.server,  who  thas 
receives  the  sensory  impressions  appropriate  to  solidity, 
will  naturally  fuse  the  two  images  and  will  .see  in  space 
before  him  a solid  object  which,  in  reality,  is  not  there, 
but  which  is  adequately  represented  b}"  the  two  flat 
drawings  projected  into  his  eyes.  A great  many 
experiments  can  be  tried  with  the  stereoscope  which 
make  clear  the  significance  of  the  two  retinal  images 
for  the  recognition  of  solidity  and  depth.  It  can  thus 
be  shown  that  the  fused  resultant,  that  is,  the  percept 
of  a solid  object,  does  not  derive  its  characteristics 
from  either  one  of  the  retinal  impressions  considered 
in  itself,  for  each  image  so  considered  is  deficient  in 
solidity.  The  fusion  is,  in  a ver}^  proper  sense  of  the 
word,  a compromise  between  the  two  different  images, 
and  there  appears  as  a result  of  fusion  at  least  one 
characteristic  which  neither  figure  had  in  itself ; namely, 
the  characteristic  of  clearly  defined  solidity. 

The  statement  may  be  made  that  the  percept  of 
solidity  arises  as  a compromise  between  two  groups  of 
sensory  impressions  which  are  sufficient!}’  alike  to  lead 
to  fusion,  but  are  at  the  same  time  sufficiently  different 
from  each  other  to  prevent  their  being  interpreted  as 
identical.  In  contrast  to  the  usual  disparity  of  images 
arising  from  solid  objects,  there  are  certain  natural 
cases  in  which  the  two  images  from  an  object  are  so 
nearly  alike  that  there  is  no  perceptual  compromise 
to  give  rise  to  solidity;  and  there  are  certain  artificial 
cases  which  can  be  produced  by  the  aid  of  the  stereo- 
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scope  in  which  the  images  are  more  radicall}'^  different 
than  are  those  derived  from  a solid  object. 

When  the  images  in  the  two  eyes  are  alike,  the  object 
will  be  perceived  as  flat.  If,  in  such  a case,  we  consider 
not  merely  the  single  object  but  the  whole  field  of  vision, 
the  conditions  for  the  whole  field  will  be  found  to  be 
similar  to  those  which  appear  in  looking  at  a solid 
object.  The  whole  field  of  vision  as  seen  with  the  right 
eye  differs  from  the  field  as  seen  by  the  left.  The  flat 
object  which  casts  like  images  in  the  two  e}'^es  is  con- 
sequentl}"  seen,  because  there  is  disparity  in  the  images 
from  the  total  field  of  vision,  as  placed  at  some  point 
in  depth,  even  if  it  does  not  have  solidity  in  itself. 

When  the  binocular  images  are  totally  different, 
as  in  certain  experiments  which  may  be  arranged  with 
the  stereoscope,  the  observer  finds  that  it  is  impossible 
for  him  to  fuse  the  two  groups  of  impressions.  Thus, 
if  he  looks  with  one  e}"e  at  a series  of  horizontal  lines, 
and  with  the  other  at  a series  of  vertical  lines,  he  will 
see  the  fields  in  succession.  The  group  of  sensations 
coming  from  one  retina  will  first  be  recognized  in  clear 
consciousness,  and  will  then  fade  out  and  give  place 
to  the  sensations  derived  from  the  second  retina. 
There  is  thus  an  oscillation  in  experience  which  is  viv- 
idly described  by  the  terms  retinal  rivalry.  In  retinal 
rivalry  there  is  obviously  a lack  of  fusion  of  the  sensa- 
tions. The  artificial  differences  in  binocular  images 
here  produced  are  so  foreign  to  the  experiences  which 
present  themselves  in  ordinary  life,  that  the  observer 
is  unable  to  fuse  them  into  a single  conscious 
process.  If  such  strange  combinations  of  sensations 
are  to  be  in  any  way  related,  it  must  be  in  a temporal 
succession  of  mental  activities,  rather  than  in  a single 
spatial  form. 

The  recognition  of  depth  through  the  fusion  of  two 
groups  of  retinal  sensations  is  not  the  only  form  of 
visual  recognition  of  depth.  Other  factors  of  experience, 
and  other  types  of  relation,  may  enter  into  the  complex. 
In  every  case,  however,  the  factors  or  relations  which 
contribute  to  the  interpretation  of  solidity  are,  like 
the  differences  in  binocular  vision  just  discussed, 
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complexes  which  get  their  significance  and  value,  not 
because  of  their  sensation  qualities,  but  by  virtue  of 
the  relations  into  which  the  sensations  are  brought. 

The  first  facts  to  which  reference  may  be  made  are 
the  differences  in  colors  and  sharj>ness  of  outline  which 
appear  when  objects  are  seen  through  different  thick- 
nesses of  atmosphere.  Remote  colors  are  always  dull 
and  darker  in  shade  than  colors  near  at  hand,  and  the 
outlines  of  remote  objects  are  ill-defined.  We  are  so 
trained  in  the  interpretation  of  the.se  general  facts  that 
we  pay  very  little  attention  in  looking  at  a landscape 
to  color  quality  or  to  the  lack  of  clearnass  in  outline, 
but  utilize  these  immediately  for  purpo.ses  of  depth 
perception;  that  is,  the  sensations  are  not  recognized 
as  distinct  facts  in  experience,  but  are  allowed  to  serve 
their  function,  which  is  to  indicate  the  position  of  the 
object  from  which  they  come.  Let  the  ob.server 
carefully  compare  his  experience  of  distant  fields  in 
the  landscape  with  fields  near  at  hand.  He  will  find 
that  the  remoter  greens  are  blue  in  cast,  even  though 
under  ordinary  circumstances  his  attention  is  not  di- 
rected to  these  differences  in  color  shades.  The  same 
truth  is  well  illustrated  by  the  fact  that  persons  who 
have  been  accustomed  to  living  in  a moist  atmosphere 
always  misinterpret  distances  when  they  go  to  regions 
where  the  air  is  clear  and  free  from  moisture.  Great 
distances  seen  through  clear  air  are  underestimated 
because  of  the  small  effect  which  the  air  produces  in 
modifing  the  colors  and  outlines  of  objects. 

Another  important  means  of  recognizing  depth  is 
through  the  familiarity  which  we  have  acquired  with 
certain  common  objects.  If  a given  object  is  carried 
farther  and  farther  away  from  the  eye,  it  will  cast  upon 
the  retina  a smaller  and  smaller  image.  If  a man,  first 
observed  at  a distance  of  ten  feet,  moves  to  a distance 
of  twenty  feet,  the  size  of  the  retinal  image  and,  con- 
sequently, the  mass  of  sensations  derived  from  this 
man,  will  decrease  one  half.  We  seldom  interpret 
such  changes  in  the  size  of  a retinal  image  of  a familiar 
object  as  changes  in  the  size  of  the  object  itself;  thus, 
we  never  say  that  a receding  man  has  dwarfed  to  half 
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his  original  size.  We  have  learned  by  long  experience 
that  most  of  the  objects  of  our  environment  are  per- 
manent in  size,  and  that  the  changes  in  our  sensations 
merely  indicate  changes  in  the  position  of  these  objects. 

In  this  way  we  build  up  an  elaborate  series  of  recog- 
nitions of  differences  in  depth.  How  completely  we 
depend  upon  this  recognition  of  familiar  objects  for 
our  interpretation  of  unfamiliar  or  undefined  experi- 
ences will  be  recognized,  if  it  is  remembered  that  the 
interpretations  of  the  size  and  distance  of  objects  in 
})hotographs  is  always  uncertain  unless  some  familiar 
figure,  such  as  that  of  a human  being,  appears  as  a 
scale  by  which  to  gauge  the  sizes  of  the  other  objects. 

.Another  factor  which  is  sometimes  significant  in  shadows, 
giving  rise  to  the  interpretation  of  depth  is  found  in 
the  shadows  cast  by  objects.  The  apparent  solidity 
of  a bank  of  clouds  in  the  sky  cannot  depend  upon 
binocular  differences,  because  the  clouds  are  too  remote. 

They  are  also  quite  unfamiliar,  and  may  be  without 
color;  therefore,  the  methods  of  interpretation  which 
we  have  described  up  to  this  point  are  quite  inadequate 
to  explain  their  apparent  solidity.  The  shadows 
which  they  cast  upon  each  other  are,  however,  so  clear 
in  their  indication  of  differences  of  position  with  refer- 
ence to  the  sun,  that  we  immediately  recognize  a bank 
of  shaded  clouds  as  made  up  of  parts  differing  in  dis- 
tance from  us.  The  same  principle  of  recognition  of 
solidit}'  is  utilized  in  all  flat  drawings  intended  to  rep- 
resent solid  objects.  Such  flat  drawings  can  always 
be  made  to  suggest  solidity  with  vividness  when  they 
are  shaded  in  a way  corresponding  to  the  objects 
themselves. 

Finally,  we  make  use  of  the  fact  that  near  objects  intcrven- 
very  frequently  cut  off  our  vision  of  remote  objects,  jects.^' 
Thus,  if  a tree  which  can  be  seen  in  all  of  its  parts  cuts 
off  a portion  of  a house  or  other  object,  we  perceive 
the  hou.se,  not  as  divided  by  the  tree,  but  as  standing 
behind  it.  Here  again  we  interpret  our  sensations  as 
indicating  differences  in  position  rather  than  differ- 
ences in  the  objects  themselves. 

One  cannot  review  this  series  of  facts  with  regard 
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to  the  visual  interpretation  of  depth  without  Ijeing 
confirined  in  liis  view  tliat  space  perception  is  a protxiss 
in  wliich  sensory  factors  arc  related  to  each  other  in  the 
most  complex  manner.  No  retinal  impression  lias  its 
value  for  mental  life  fully  determined  until  it  is  brought 
into  relation  with  other  sensations. 

The  full  explanation  of  the  details  of  the  processes 
of  interpretation  here  involved  has  been  the  source  of 
many  disputes  in  the  history  of  psychology.  As  we 
have  already  indicated,  Berkeley  regarded  the  process 
of  fusion  as  one  of  judgment;  whereas,  we  shall  find 
when  we  come  to  study  judgment,  which  is  a complex 
in  which  the  factors  are  explicitly  recognized  as  sepa- 
rate, ample  reason  to  distinguish  judgments  from  im- 
mediate perceptual  fusions.  Many  writers  later  than 
Berkeley  have  regarded  sensations  of  movement  derived 
from  the  muscles  of  the  eyes  as  of  prime  importance 
in  combining  retinal  sensations.  Still  others  have 
assumed  that  the  retinas  have  certain  congenital  cor- 
respondences which  provide  for  the  bringing  together 
of  excitations  received  at  certain  points  in  the  two 
eyes. 

The  formula  which  will  extricate  us  from  these  con- 
flicting theories  is  the  formula  of  central  coordina- 
tion which  was  suggested  in  the  introductory  dis- 
cussion of  sensation  functions.  All  the  earlier 
types  of  explanation  which  have  been  advanced 
have  one  characteristic  in  common;  they  recog- 
nize fusion,  especially  binocular  fusion,  as  a complex 
process  in  which  a number  of  sensory  factors  are 
united.  Our  present  discussion  may,  therefore,  assume 
complexity  without  further  argument;  the  problem 
which  remains  is  to  show  the  nature  of  this  com- 
plexity. We  may  explain  this  crucial  case  of  binocular 
fusion  as  follows:  First,  fusion  is  not  due  to  any 

simple  flowing  together  of  sensory  processes.  Second, 
the  fusion  of  binocular  images  is  closel}'^  related  to 
certain  processes  of  ocular  movement,  which  can  be 
shown  to  be  in  their  development  matters  of  gradual 
organization,  and  in  their  present  form,  complex  coor- 
dinations, Third,  the  processes  of  motor  adjustment  of 
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all  parts  of  the  body  furnish  urgent  motives  for  fusion 
and  serve  in  part  to  explain  why  retinal  impressions 
from  the  two  eyes  are  united  into  single  unitary  per- 
cepts. Fourth,  the  conclusion  to  be  drawn  from  these 
discussions  is  that  the  unitary  experience  derived  from 
binocular  vision  is  related  to  nervous  organizations 
in  the  central  nervous  system,  where  the  manifold  of 
retinal  sensations  is  reduced  to  the  unity  necessary 
for  coordinated  reaction. 

With  reference  to  the  first  step  of  the  explanation; 
namely,  the  demonstration  that  binocular  fusion  is 
not  a sensory  process,  an  account  may  be  given  of  a 
recent  exj:)erimental  investigation  which  puts  the  mat- 
ter in  a very  clear  light.  Let  us  suj^pose  for  a moment 
that  the  stimulations  received  by  the  two  retinas 
flow  together  as  sensory  excitations  at  some  point  in 
the  central  nervous  system;  then,  so  long  as  either 
retina  is  stimulated,  there  ought  to  be  an  experience  of 
light.  Even  if  the  stimulation  is  alternated  so  that  it 
affects  first  one  eye  and  then  the  other,  the  supposed 
central  receiving  center  ought  to  be  continuously 
excited.  An  experiment  was  so  arranged  that  each 
eye  was  stimulated  by  a succession  of  lights  separated 
by  intervals  of  total  darkness.  The  intervals  of 
stimulation  and  darkness  were  so  related  in  the  two  eyes, 
that  w'hile  one  eye  was  in  darkness  the  other  was 
stimulated.  The  sensory  excitation  from  the  i^oint 
of  view  of  the  single  eye  was  intermittent;  from  the 
point  of  view  of  the  two  eyes  there  was  always  posi- 
tive excitation  entering  the  nervous  system.  The 
outcome  of  these  experiments  as  reported  by  their 
author  is  as  follows:  “ The  broad  outcome  of  the  obser- 
vations is  that  so  far  from  bright  phases  at  one  eye 
effacing  dark  phases  at  the  corresponding  spot  of  the 
other  eye,  there  is  hardly  a trace  of  any  such  inter- 
ference.” The  fact  that  binocular  impressions  fu,se 
is,  therefore,  not  to  be  explained  by  assuming  that 
sensory  excitations  flow  together.  The  fusion  must 
be  a process  lying  beyond  the  receiving  centers  in 
the  brain. 

A study  of  the  ocular  motor  processes  related  to 
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l)inocular  vision  gives  more  significant  re.sults.  In  the 
first  place,  it  may  be  noted  that  infants  do  not  have 
fully  developed  coordination  of  the  two  eyes.  When 
an  infant  attempts  to  turn  the  two  eyes  on  the  same 
point  of  fixation,  his  movements  are  frequently  so 
slow  and  irregular  that  they  have  the  appearance, 
especially  in  photographs,  of  cross-eyed  movements. 
Even  in  adult  life,  it  is  shown  by  rapid  photographs 
that  the  two  eyes  often  move  to  a point  of  fixation 
in  such  a way  that  while  one  eye  moves  rapidly,  the 
other  comes  up  in  an  irregular,  relatively  slow  move- 
ment. The  development  of  a coordinated  movement 
is  thus  seen  to  be  the  product  of  effort  and  concentra- 
tion. That  a coordinated  movement  has  been  devel- 
oped at  all,  shows  how  significant  it  is  for  the  individ- 
ual that  he  should  acquire  a unitary  motor  response  to 
the  complex  of  retinal  sensations.  The  unity  of  re- 
sponse stands,  indeed,  in  sharpest  contrast  to  the 
complexity  of  the  sensory  factors.  The  organized 
ability  to  coGrdinate  the  two  eyes  depends  on  the  de- 
velopment of  a system  in  which  each  phase  of  experi- 
ence without  losing  its  individual  reality,  is  taken  up 
in  the  single  unitary  system.  Space  and  the  coordi- 
nated system  of  ocular  movements  are  thus  seen  to  be 
very  intimately  related.  The  complex  of  movements 
has  a unity  which  results  from  the  union  of  all  of  the 
different  phases  of  binocular  movement  into  a single 
coordinated  act.  Space  is  also  a system  in  which  ever}' 
point  has  a certain  character  of  its  own,  and  at  the 
same  time  has  characteristics  which  attach  to  it  as 
part  of  the  general  system. 

The  relation  of  visual  space  perception  to  organized 
behavior  becomes  clearer  when  it  is  noticed  that  the 
unity  of  visual  percepts  is  demanded,  not  onl}'  in  the 
coordinations  of  eye  movements,  but  also  in  the  co- 
ordinations of  all  forms  of  behavior  which  are  guided 
by  vision.  If  one  reaches  out  his  hand  to  grasp  an 
object,  his  sensory  impressions  of  the  object  will  be 
derived  from  two  eyes,  but  the  reaction  to  be  effective 
must  be  to  all  the  sensations  at  once,  and  must  be  so 
directed  as  to  give  a coherent  series  of  responses  for 
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different  parts  of  the  object.  Unity  on  the  one  hand, 
and  separation  into  parts  on  the  other  hand,  are  so 
admirably  provided  for  in  this  formula  of  reaction, 
that  movement  has  always  been  recognized  as  inti- 
mately related  to  the  perception  of  space.  Many 
writers  have  been  impressed  with  the  importance  of 
movement  for  space  perception,  but  have  been  so  de- 
voted to  the  formula  that  all  mental  processes  must 
be  reduced  to  sensory  factors,  that  they  have  held  that 
movements  aid  in  space  perception  only  through  the 
sensory  factom  which  they  contributed  in  the  form 
of  sensations  of  movement.  Our  discussion  has  led 
to  the  point  where  we  can  recognize  the  significance 
of  movement  from  an  entirely  different  side.  It  is 
not  the  movement  after  it  has  been  executed  and  re- 
jjorted  back  to  consciousness  that  is  of  importance;  it 
is  rather  the  organization  of  experience  and  of  nervous 
processes  into  a coordinated  system  with  motor  adjust- 
ment as  its  end,  that  gives  to  the  sensation  factors 
a function  and  relation  superior  to  their  individual 
quality.  Space  is  not  the  sensation  of  movement,  but 
rather  the  system  of  relations  between  all  sensory  fac- 
tors involved  in  guiding  a reaction. 

Such  considerations  as  the  foregoing,  in  which  binoc- 
ular space  is  related,  not  to  the  incoming  sensations, 
but  rather  to  the  organized  system  of  responses,  lead 
us  directly  to  the  conclusion  that  it  is  central  associa- 
tion processes  which  condition  binocular  fusion.  These 
central  associations  have  been  built  up  under  the  de- 
mands of  practical  life,  and  have  not  grown  out  of  mere 
sensory  qualities,  even  qualities  of  muscle  sensations. 
This  statement  can  be  reenforced  by  repeating  the 
discussions  of  earlier  paragraphs.  It  was  there  pointed 
out  that  the  spatial  form  of  tactual  and  auditory  per- 
cepts is  the  same  as  the  spatial  form  of  visual  percepts. 
This  can  never  be  understood  if  the  causes  of  perceptual 
fusion  are  sought  in  sensory  qualities.  Sensory  im- 
pressions are  received  through  a great  variety  of  organs 
which,  because  of  the  demand  for  specialization  and 
adaptation  to  the  stimuli  coming  from  the  external 
world,  have  been  distributed  over  different  parts  of 
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the  surface  of  the  body.  Tlirougli  the  processes  of 
sensory  differentiation,  the  impres.sions  from  different 
parts  of  a single  object  are  often  received,  not  only 
by  different  sensory  cells,  but  often  in  the  form  of 
qualitatively  different  sensations.  Experience  must 
somehow  restore  the  unity  which  exists  in  things,  and 
at  the  same  time  reflect  the  manifoldness  which  has 
been  provided  for  in  the  development  of  sensory  dif- 
ferentiations. The  central  nervous  organs  constitute, 
as  we  have  seen  in  earlier  discu.ssions,  the  system  in 
which  all  the  bodily  functions  are  unified  and  organized. 
It  is  here  that  we  must  look  for  the  proce.s.ses  which 
parallel  what  we  have  called  fu.sion.  Indeed,  the  fact 
that  consciousness  presents  a unified  resultant  of  all 
the  different  impressions  which  enter  into  our  single 
spatial  form,  is  additional  evidence  that  there  must 
be  in  the  central  nervous  system  some  coordination 
and  organization  of  the  disparate  impressions. 

The  study  of  perception  and  the  effort  to  arrive 
at  a description  of  the  physiological  processes  under- 
lying perception  is  the  best  possible  corrective  for  any 
disposition  to  regard  sensations  as  separate  and  inde- 
pendent factors  existing  in  the  mind  as  mere  qualita- 
tive elements.  Everywhere  we  find  that  there  is 
more  than  mere  sensory  process;  there  is  combination 
and  fusion,  and  this  combination  is  not  determined 
by  the  sensory  factors  themselves,  but  rather  b}'  the 
larger  system  of  experience  into  wliich  the  sensations 
enter  as  factors. 

The  statements  made  regarding  the  central  nervmus 
coordinations  may  be  criticised  as  somewhat  vague. 
They  are,  indeed,  less  definite  than  the  description  of 
the  conscious  facts  with  wliich  they  are  related.  We 
are  in  direct  introspective  contact  with  the  conscious 
products  of  perceptual  fusion,  but  we  know  ver}’  little 
in  detail  of  the  central  nervous  processes  of  coordina- 
tion and  fusion.  Our  psychology  could  describe  the 
facts  of  experience  in  this  sphere  very  fully  without 
referring  to  the  nervous  processes.  We  should  then 
lose,  however,  the  advantage  which  was  gained  by 
relating  consciousness  in  an  objective  way  to  nervous 
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organization,  and  we  should  the  more  easily  fall  into 
the  erroneous  conclusion  which  has  appeared  from 
time  to  time  in  the  history  of  thought;  namely,  the 
conclusion  that  space  is  a mere  mental  figment. 
Space  perception  is  a phase  of  experience  which,  un- 
doubtedly, has  physiological  conditions  of  a highly 
developed  type.  Space  perception  is  no  less  conditioned 
by  bodily  organization  than  is  sensation.  The  character 
of  space  experience  is  different  from  the  character 
of  sensation,  but  both  are  processes  related  to  objective 
reality  and  both  have  the  same  fundamental  character, 
in  that  they  are  results  of  contact  between  an  organ- 
ized individual  and  his  environment. 

Up  to  this  point  our  discussions  of  space  have  dealt 
with  a variety  of  special  cases  and  with  the  general 
fact  that  space  perception  is  a form  of  organization; 
no  attempt  has  been  made  to  show  how  space  differs 
from  the  other  phases  of  perceptual  organization. 
The  necessity  of  distinguishing  space  from  other  phases 
of  perception  is,  however,  clear  the  moment  one  con- 
siders that  the  position  or  size  of  a perceived  object 
is  not  by  any  means  all  that  is  recognized  when  the 
sensations  from  this  object  are  united  into  a percept. 
Thus,  one  may  hear  a sound  and  locate  it  on  the  right 
side  and  then  go^  much  farther  in  recognizing  it  as  a 
human  voice  or  the  report  of  a gun.  These  latter 
phases  of  interpretation  require  special  consideration, 
and,  even  though  the  general  formula  of  the  functional 
relation  of  sensations  will  doubtless  help  us  in  under- 
standing them,  they  must  be  explained  in  detail  as 
distinct  from  space. 

The  spatial  attributes  of  all  percepts  unite  more  than 
any  other  group  of  attributes  into  a single  closed  system, 
so  that  we  come  to  speak  of  space  as  if  it  were  a single, 
well-defined  somewhat  in  consciousness,  capable  of 
existing  apart  from  the  particular  percepts  in  which 
it  is  exhibited.  Thus,  as  was  pointed  out  above,  we 
have  tactual  space  percepts  and  visual  space  percepts 
and  space  percepts  in  other  spheres  of  sensation,  and 
we  find  all  these  different  percepts  arranged  in  one 
single  general  .space  form,  to  which  we  refer  as  including 
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the  tactual,  auditory,  or  visual  contents.  This  com- 
pactness and  uniformity  of  the  spatial  system  must 
have  its  counterpart  in  human  structure.  And  in- 
vestigation shows  that  it  has.  Human  central  or- 
ganization and  consequent  movements  are,  from  the 
very  nature  of  mechanical  law  with  which  the  move- 
ments must  comply,  capable  of  only  a very  definite 
system  of  developments.  One  cannot  move  his  liand 
at  the  same  time  toward  the  left  and  the  right.  Left 
and  right  come  to  be,  therefore,  clearly  distinguished 
directions  in  the  organization  of  human  respon.ses  to 
sensations.  One  cannot  move  his  hand  backward 
and  forward  in  the  same  movement.  As  a re.sult, 
all  sensations  which  are  to  be  related  to  movements 
are  ultimately  assigned  to  places  either  in  front  or  be- 
hind, never  in  both  positions  at  the  same  time.  The 
child  begins  life  without  a thorough  organization 
of  his  movements,  and,  correspondingly,  without  any 
definite  spatial  forms  of  perception.  The  two  develop 
together  as  he  actively  adjusts  himself  to  the  world 
about  him.  Finally,  as  he  becomes  master  of  his 
movements,  he  finds  that  his  perceptual  world  also 
has  taken  on  certain  definite  sequences  of  arrange- 
ment which  are  so  stable  and  systematic  and  so  har- 
monious with  what  he  comes  to  know  theoretically 
of  mechanical  law,  that  he  can  study  the  spatial  sj^stem 
as  he  finds  if  in  his  perceptual  consciousness  and  relate 
this  spatial  form  of  perception  to  his  science  of  me- 
chanics, without  the  slightest  fear  of  finding  any  in- 
congruity in  the  two  groups  of  facts.  It  should  be 
noted  here  again  that  such  a complete  system  of  space 
is  much  more  than  a series  of  sensations.  Sensation 
qualities  are  necessary  as  the  factors  with  which  the 
individual  must  deal ; they  constitute  the  material 
or  content  of  experience,  but  the  spatial  form  of  per- 
ception is  a functional  relation.  Every  sensation  is 
related  to  every  other,  not  because  of  its  quality  or  in- 
tensity, but  because,  in  the  organization  of  impressions, 
every  sensation  must  take  its  place  in  a serial  S5^stem 
before  it  can  serve  any  definite  function  in  individual 
life  or  have  any  clearly  marked  place  in  consciousness. 
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Once  the  mechanical  necessities  of  movement  have 
been  complied  with,  there  may  be  the  greatest  possible 
variety  in  the  details  of  behavior.  Thus  it  comes  that 
the  spatial  arrangement  is  by  no  means  the  only  type 
of  organization  exhibited  in  perceptual  processes. 
But  whateveB  the  variety  in  the  details  of  special  acts, 
tlie  ever  present  compliance  with  the  fundamental 
necessities  of  spatial  arrangement  is  the  first  require- 
ment. Hence,  space  is  a form  of  all  perception,  what- 
ever other  modes  of  relation  appear. 

One  further  line  of  consideration  will  serve  to  re- 
enforce what  has  been  said  regarding  the  fundamental 
inclusiveness  of  the  space  form.  There  are  various 
groups  of  sensations;  notably,  those  which  come  from 
the  muscles,  joints,  and  from  the  semicircular  canals, 
which  under  ordinary  circumstances  receive  very  little 
explicit  attention  to  their  peculiar  qualitative  attri- 
butes. Indeed,  we  often  speak  of  these  sensations  as 
wholly  unrecognized.  The  reason  for  this  lack  of  atten- 
tion to  such  sensations  is  clear  in  terms  of  our  discussion 
of  space  perception.  These  sensations  have  been  com- 
pletely taken  up  into  a thoroughly  organized  system 
of  responses.  They  serve  their  function  exclusively 
in  initiating  and  checking  bodily  movements.  They 
are  not  occasions  for  new,  elaborate  forms  of  behavior. 
They  come  to  constitute,  therefore,  the  settled  back- 
ground of  all  percepts.  The  presence  of  certain  sen- 
sory impulses  from  the  semicircular  canals  constitutes 
in  every  perceptual  combination  the  sensory  basis 
for  that  fundamental  and  familiar  arrangement  which 
makes  us  recognize  the  perceptual  world,  whatever 
its  details,  as  right-side  up,  stable,  and  orderly.  This 
accounts  also  for  the  far-reaching  changes  which  come 
in  the  apparent  stability  of  the  whole  perceptual 
world  when,  through  dizziness  or  even  through  an 
inverting  of  the  head,  the  semicircular  canals  contrib- 
ute unwonted  sensations. 
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II.  UNITY  OF  OUJIXTS 

Unity  of  There  are  many  forms  of  perceptual  fusion  which 
objectsisn,  Supplement  the  fusions  entering  into  the  closed  system 
product  of  of  space.  Thus,  when  one  looks  at  the  book  before  him 
and syiithe- / he  not  Only  localizes  it,  he  also  recognizes  it  as  a dis- 
i tinct  object.  The  experience  of  this  object  can  be 
recognized  as  made  up  of  a variety  of  .sensory  qualities. 

, There  is,  on  the  other  hand,  a well-defined  unity  in 
; the  experience  of  the  object,  which  con.sists  in  the  fact 
that  the  sensory  factors  derived  from  it  are  related  in 
I a more  intimate  way  than  are  the  factors  derived  from 
I the  surrounding  objects.  This  intimate  relation  be- 
tween sensations  from  any  clearly  perceived  object 

(MS  a development  within  the  individual.  One  can 
easily  find  illustrations  of  incomplete  recognition  of 
objects  when  all  the  sensory  factors  are  present,  but 
Lthe  perceptual  unity  is  absent.  From  this  stage  of 
incomplete  perception,  there  may  be  ob.served  all  grades 
of  development  up  to  the  most  compact  forms  of  clear 
recognition  of  individual  objects.  When,  for  example, 
a powerful  sensory  shock  is  received  from  a clap  of  thun- 
, der  or  the  unexpected  slamming  of  a door,  there  is, 
for  an  instant,  an  approach  in  experience  to  pure  un- 
' fused  sensation.  The  characteristic  fact  in  such  a 
I case  is  that  there  is  no  object  in  mind.  The  whole 
experience  is  filled  with  a vague  mass  of  sensation,  but 
there  is  no  delimitation,  no  discrimination  of  one  object 
as  distinguished  from  the  mass.  Another  illustra- 
tion appears  when  one  first  enters  a new  place,  as,  for 
example,  a brilliantly  lighted  room.  The  mass  of 
experience  is  the  most  impressive  fact.  No  single 
object  stands  out  as  yet;  experience  is  a confusion. 
Gradually,  the  total  mass  of  impression  begins  to  sub- 
divide. Certain  impressions  separate  from  the  total 
mass  and  enter  into  coinjiact  relations.  The  unit}" 
of  a given  object  is  always  due,  as  shown  b}'  such 
illustrations,  to  a double  process  of  analysis  and  s^m- 
thesis.  The  analysis  consists  in  distinguishing  one 
part  of  the  mass  of  sensation  from  the  rest.  The 
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syntliesis  consists  in  holding  the  appropriate  factors 
together.  In  practical  life  analysis  is  likely  to  be 
more  obvious  than  the  synthesis.  Thus,  when  one 
observes  a human  figure  in  the  distant  landscape, 
the  recognition  of  the  patch  of  color  sensation  as 
a man  involves  much  combining  of  the  visual  sen- 
sations with  each  other,  but  the  more  easily  observed 
fact  is  that  the  man  has  been  distinguished  from  his 
environment.  The  synthetic  process  involved  in 
every  percept  of  a thing  is  capable,  however,  of  as 
clear  demonstration  as  is  the  fusion  involved  in 
space  perception.  A single  illustration  will  make  this 
clear. 

To  the  ordinary  observer,  an  object  recognized 
through  the  two  senses  of  taste  and  smell  is  so  unitary 
in  character  that  he  does  not  realize  that  any  fusion 
of  discrete  sensations  has  taken  place.  By  a simple 
experiment  one  can  easily  show  that  the  perception 
of  any  article  of  food  involves  a number  of  distinct 
sensations.  Let  the  observer  taste  of  some  familiar 
substance,  such  as  coffee,  and  at  the  same  time  pre- 
vent the  air  from  coming  into  contact  with  the  olfac- 
tory organ,  and  coffee  becomes  a sweet  liquid  with 
little  or  no  flavor;  even  castor  oil  becomes  an  inoffen- 
sive thick  oil  under  like  conditions.  Why  is  it  that 
in  ordinary  experience  tastes  and  odors  are  united? 
It  is  because,  in  spite  of  the  separation  of  the  gustatory 
and  olfactory  organs,  there  is  a constant  demand  in 
life  that  tastes  and  odors  shall  be  used  together  in 
guiding  conduct.  The  whole  inner  organization  of 
the  individual  is  such  that  these  different  sensory  qual- 
ities have  a joint  significance  for  perception  and  for 
behavior.  There  is  a distinction  on  the  qualitative 
side  between  tastes  on  the  one  hand,  and  odors  on  the 
other,  because  the  sensory  organs  for  the  two  qualities 
are  different;  but  there  is  the  most  intimate  percep- 
tual fusion  of  an  immediate  form  analogous  to  the 
spatial  fusion,  with  which  we  became  acquainted  in 
the  earlier  discussions. 

There  are  perceptual  fu.sions  in  every  sphere  of  sen- 
sation quite  as  compact  as  those  of  taste  and  smell 
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and  as  various  in  character  as  the  oiijects  in  the  world 
about  us. 

The  physiological  condition  of  this  unity  in  the  per- 
ception of  single  objects  is  not  to  be  found  in  the  sen- 
sory processes  themselves,  any  more  than  was  the 
physiological  condition  for  the  perception  of  space. 
The  sensory  processes  derived  from  things  are  very 
different  in  type  and  in  the  points  at  which  they  are 
received  into  the  central  nervous  system.  The  unity 
of  perception  is  not  to  be  accounted  for  by  the  fact  that 
all  the  sensory  excitations  are  in  the  brain  together, 
for,  as  has  been  pointed  out,  there  is  a very  large  ele- 
ment of  analysis  as  well  as  synthesis  in  perception. 
The  recognition  of  a table  as  unitar}'’,  at  the  same  time 
that  it  is  distinguished  from  its  background,  which  is 
also  sending  stimulations  to  the  central  nervous  sys- 
tem, shows  that  the  unity  of  the  table  is  perceived 
through  some  kind  of  a process  which  involves  analysis. 
The  mere  coexistence  of  sensations  is,  therefore,  ob- 
viously not  enough  to  account  for  perceptual  fasion. 

Again,  as  in  the  treatment  of  the  fusion  which  leads 
to  space  perception,  we  must  appeal  to  the  central 
coordinations  which  are  worked  out  under  the  stre.ss 
of  practical  demands.  One  fuses  sensory  factors  into 
the  percept  of  a thing,  because  he  can  adjust  him.self 
to  the  whole  mass  of  experience  in  a single  act.  Thus, 
one  speaks  of  a bookcase  and  its  contents  as  a single 
object  when  he  merely  wishes  to  name  over  the  articles 
of  furniture  in  his  room.  He  distinguishes  the  sepa- 
rate books  as  objects  when  he  wishes  to  take  them  out 
and  use  them.  The  range  of  one’s  experience  of  a 
thing  is  thus  seen  to  depend,  not  on  sensory  processes, 
but  on  the  practical  motives  which  lead  to  the  synthesis 
of  more  or  less  comprehensive  grouj^s  of  these  sensations 
into  single  phases  of  experience. 

The  fusion  of  factors  into  single  groups  becomes 
easier  after  repetition.  Thus,  the  expert  rifleman 
comes  to  recognize  at  once  the  movement  of  his  game, 
the  distance  of  the  game  from  himself,  and  the  wind 
which  will  influence  his  shot,  factors  which  might  have 
coexisted  indefinitely  without  being  fused.  -A.11  this 
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he  has  acquired  as  the  result  of  repeated  efforts  to 
shape  his  conduct  in  accordance  with  the  demands  of 
his  total  environment.  Indeed,  such  a case  of  acquired 
fusion  of  widely  divergent  sensory  factors  may  very 
frequently  involve  in  its  earliest  stages  conscious  effort 
to  adapt  action  to  whole  groups  of  sensations.  The 
unity  is  made  more  and  more  compact  as  repeated  ef- 
forts are  undertaken  to  recognize  the  factors  together, 
so  that  ultimately  the  perceptual  unity,  which  began 
in  a conscious  relating  of  factors,  becomes  a synthetic 
unity  of  the  ordinary  type,  in  which  all  the  sensory 
excitations  flow  toward  the  motor  channel  in  a single 
stream,  and  the  sensory  factors  are  fused,  just  because 
the}"  are  all  phases  of  a single  organized  process  of  sen- 
sory-motor response.  Such  a case  of  complex  and 
slowly  acquired  fusion  is  typical,  and  reveals  the  gen- 
eral practical  character  of  all  such  perceptual  processes. 

Discussions  of  perceptual  fusion  might  be  carried 
over  directly  into  the  discussion  of  habits,  so  as  to 
show  that  the  development  of  organized  perception  and 
the  development  of  organized  activity  always  go 
hand  in  hand.  The  training  of  eye  and  hand  in  any 
technical  art,  of  ear  and  vocal  cords  in  singing  or 
speaking,  of  ear  and  hand  in  playing  a musical  instru- 
ment, go  together  in  practical  experience.  The  expert 
in  every  line  not  only  acts  more  skillfully,  but  he  sees 
or  hears  more  skillfully  and  comprehensively.  Per- 
ception is  discriminative  and  complete  just  in  so  far 
as  the  factors  of  experience  are  organized  into  wholes 
appropriate  for  individual  reaction.  Our  present  pur- 
poses, however,  can  be  fully  satisfied  without  a com- 
plete study  of  habits.  The  perceptual  fusion  involved 
in  the  recognition  of  an  object  is  one  phase  of  organi- 
zation; habit  is  an  expre.ssion  of  this  organization,  and 
will  be  taken  up  in  a separate,  later  chapter. 

III.  TIME 

Before  leaving  the  subject  of  perception,  it  is  im- 
portant that  we  consider  briefly  a form  of  arrangement 
which  has  often  been  regarded  as  similar  in  character 
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to  the  space  form;  namely,  time.  Time,  like  space,  in- 
volves a relation  between  several  factors  of  experience. 
Like  space,  it  is  not  a sensation  quality.  It  is  even 
more  general  in  character  than  space,  for  it  is  not  merely 
a form  of  perception;  it  is  also,  and  indeed  chiefly, 
a form  of  the  indirect,  or  memory  experiences.  A 
percept  is  always  in  the  time  series,  but  it  is  always 
in  that  portion  of  the  time  series  which  we  call  the 
present.  It  will,  accordingly,  be  appropriate  for  us 
to  discuss  in  this  connection  some  of  the  attributes  of 
“ the  present,"  leaving  the  other  phases  of  time  con- 
sciousness to  be  taken  up  in  connection  with  memory. 

The  present  is  not  a single  point  of  experience;  it 
is  a group  of  experiences.  Some  experimental  evidence 
as  to  the  possible  length  of  “ the  present  ” may  be  gained, 
as  follows;  Tap  rapidly  on  the  table  at  intervals  of 
half  a second  or  less,  producing  a series  of  sounds, 
and  find  how  many  taps  of  this  kind  can  be  grouped 
into  a single  easily  apprehended  unity.  The  ob.server 
will  have  little  difficulty  in  determining  the  limit  of 
such  a series,  if  he  will  simply  listen  to  the  taps  and 
refrain  from  counting.  A short  series  of  five  or  six 
taps  will  leave  behind  in  consciousness  a feeling  of 
perfect  definiteness  and  ease  of  apprehension.  If  such 
a series  is  exactly  repeated,  or  if  a second  slightly  dif- 
ferent series  is  sounded,  the  observer  wall  be  in  no  doubt 
as  to  the  likeness  or  unlikeness  of  the  two  series.  If, 
on  the  other  hand,  a series  of  twenty  or  thirty  taps  is 
sounded,  the  observer  will  recognize  that  at  a certain 
point  in  the  series  a state  of  confusion  sets  in.  The 
series  is  no  longer  apprehended  as  a unity,  but  has  a 
vaguely  defined  massiveness  which  seems  to  elude  the 
mental  grasp. 

The  ability  of  the  observer  to  group  together  a series 
of  experiences  is  radically  modified  when  the  series  itself 
is  changed.  Thus,  if  every  third  tap  is  made  stronger 
than  the  others,  or  if  it  is  given  a slightly  different 
quality,  the  scope  of  the  immediately  recognized  group 
will  be  much  increased.  If  the  taps  come  irregularl}’-, 
either  in  point  of  interval  or  in  point  of  intensity  or 
quality,  the  scope  of  the  unitary  group  will  be  decreased. 
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All  these  facts  appear  in  such  practical  forms  of 
time  perception  as  those  which  are  utilized  in  making 
up  English  verse.  The  recognition  of  the  successive 
feet  in  poetry  is  facilitated  by  grouping  the  sounds  into 
simple  compact  groups.  The  character  of  each  group 
is  determined  by  variations  in  intensity,  quality,  and 
content,  in  such  a large  number  of  ways  as  to  satisfy 
the  demand  for  novelty  in  experience,  while  at  the  same 
time  retaining  very  fully  the  characteristics  necessary 
for  temporal  uniformity  in  the  successive  groups  of 
factors. 

Time  grouping  is  shown  by  these  illustrations  to 
be  dependent,  in  a measure,  on  the  character  of  the  sen- 
sory impressions  which  are  grouped.  But  the  time 
order  is  something  other  than  mere  differences  in  sen- 
sation quality  and  intensity,  for  the  mere  existence 
of  differences  or  of  sequences  will  not  explain  the  recog- 
nition of  groups  in  experience.  Time  is  a form  of 
grouping  which  is  not  easy  to  explain,  because  it  is  so 
general.  It  must  be  related,  so  far  as  its  conditions 
are  concerned,  to  a much  greater  extent  than  is  space, 
to  very  general  conditions  within  the  observer’s  central 
nervous  system.  If  an  observer’s  central  nervous 
processes  are  under  high  tension,  as  when  he  is  keenly 
expectant,  the  whole  character  of  his  time  perception 
is  different  from  that  which  appears  when  he  is  indiffer- 
ent and  relaxed.  This  puts  time  into  sharp  contrast 
with  space,  which  changes  very  little  with  the  observer’s 
moods.  Again,  time  is  seen  to  be  very  general,  because 
even  in  tho.se  cases  in  which  e.xternal  impressions  offer 
no  motive  for  time  grouping;  when  they  are,  indeed, 
absolutely  monotonous  in  their  physical  character,  the 
observer  will,  for  inner  reasons,  break  up  the  monotony 
into  intervals.  This  can  be  observed  in  listening  to 
a uniform  sound,  for  when  such  a sound  is  not  broken 
by  objective  variations,  it  will  be  broken  up  into  a 
succession  of  rising  and  falling  accents  by  the  listener 
himself. 

To  find  a precise  physiological  basis  for  the  time 
grouping  of  experience  will  require  the  discovery  of 
processes  which  are  much  more  general  than  those 


Time  rela- 
tions in 
verse  and 
related 
systems 
of  experi- 
ence. 


Time  has 
more  gen- 
eral appli- 
cation, and 
must  have 
more  gen- 
eral condi- 
tions than 
space. 


178 


PSYCHOLOGY 


Time  ar- 
rangeinont 
is  con- 
nected with 
the  rhytli- 
mical 
changes  in 
nervous 
processes. 


Examples 
of  the 
variations 
in  sensa- 
tions which 
furnish  the 
basis  of 
time  per- 
ceptions. 


wliich  constitute  the  physiological  basis  for  space 
perception  and  for  general  perceptual  unity  as  exhibited 
in  the  recognition  of  objects.  Indeed,  we  must  go 
far  enough,  as  indicated  above,  to  recognize  that  the 
conditions  of  temporal  discrimination  are  involved  in 
indirect  memory  proce.sses,  even  more  than  in  percep- 
tion. Such  a general  characteristic  is  to  be  found  in 
the  fact  that  all  nervous  proce.sses  are  con.stantly 
fluctuating  in  intensity.  There  is,  for  example,  a 
rhythmical  rise  and  fall  due  to  inner  cau-ses  which  ap- 
pears in  all  sensory  excitations  even  when  the  external 
stimulus  is  quite  uniform.  This  cannot  fail  to  be 
reflected  in  some  change  in  the  sensations  which  are 
presented  in  conscious  experience.  They  will  be  now 
weaker,  now  stronger,  and  considering  the  whole  se- 
quence, there  will  be  an  uninterrupted  succe.ssion  of 
changes.  On  the  other  hand,  the  practical  activities 
of  an  observer  can  be  carried  on  properly  only  when 
these  changes  are  interpreted  as  not  belonging  to  the 
objects  perceived.  There  is,  accordingly,  a conflict 
in  experience  between  the  rising  and  falling  intensities 
of  sensations,  and  the  demand  for  interpretations  of 
permanency  required  for  the  guidance  of  behavior. 
This  conflict  leads  to  the  development  in  experience  of 
a form  of  interpretation  which  includes,  at  once,  change 
and  permanency.  Permanency  is  exhibited  in  spatial 
organization  and  in  recognitions  of  the  unities  of 
objects;  the  change  is  distinguished  as  a formal  as- 
pect of  experience  and  is  separated  from  the  sensory 
qualities  and  from  the  space  form  and  unity  as  a unique 
type  of  relation  between  the  factors  of  experience. 
The  fact  of  change  in  the  midst  of  permanenc}’’  is  much 
more  obvious  when  one  considers,  not  merely  the 
rhythmical  rise  and  fall  in  sensation,  but  the  marked 
changes  in  the  vividness  of  experiences  which  appear 
in  the  course  of  memory. 

One  of  the  most  obvious  types  of  rhythmical  change 
in  perception  is  that  which  may  be  noted  when  one  is 
receiving  a very  weak  stimulus  which  is  altogether 
uniform  in  physical  intensity.  Thus,  if  an  observer 
picks  out  in  the  constellation  Pleiades,  a faint  star 
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which  is  just  visible,  and  watches  it  for  a time,  he  will 
find  that  it  disappears  and  then  reappears  for  an  inter- 
val, only  to  disappear  again.  The  rhythmical  change 
is  here  so  complete  that  it  is  perceived  as  a change  in 
the  object.  A like  fluctuation  of  intensity  is  present 
in  all  sensory  impressions,  even  if  the  sensation  is  so 
strong  that  its  decrease  in  intensity  does  not  cause  it 
to  disappear  entirely.  In  most  cases,  however,  as 
indicated  above,  the  observer  will  be  led  to  recog- 
nize through  practical  experience  that  objects  do  not 
undergo  rhythmical  changes.  He  will  thus  come  to 
treat  the  changes  in  sensation,  not  as  signifying  that 
his  interpretation  of  objects  should  change,  but  as 
signif}dng  some  kind  of  a series  of  modifications  in 
experience,  not  attributable  wholly  to  the  things  which 
he  perceives,  but  belonging  to  the  very  essence  of 
experience  itself. 

Change  in  intensity  of  sensations  is  not  the  only 
type  of  rhythmical  modification  in  e.xperience.  Every 
series  of  activities  which  a reactor  undertakes  involves 
a constant  series  of  renewals  of  effort.  This  is  clearly 
shown  in  the  physiological  motor  processes,  where  it 
is  found  that  the  nervous  currents  passing  out  of  the 
nervous  system  to  the  muscles  are  sent  out  in  successive 
waves,  which  waves,  furthermore,  are  of  varying 
intensity.  One  can  observe  by  direct  introspection 
that  there  is  a rise  and  fall  in  the  intensity  of  effort 
in  almost  all  ordinary  activities.  Here  again,  it  is 
easily  recognized  that  the  fluctuations  in  one’s  own 
efforts  are  not  a sufficient  basis  for  the  reorganization 
of  one’s  relations  to  things,  even  though  there  is  an 
ever  recurring  necessity  of  renewing  the  effort. 

Another  significant  series  of  changes  in  experience, 
which  helps  to  build  up  the  time  form  as  distinguished 
from  the  space  series  or  from  the  unity  of  objects, 
appears  whenever  there  is  a readjustment  which  main- 
tains the  unity  of  the  object,  but  involves  a movement 
from  one  point  in  space  to  another  point.  Thus,  when 
a book  is  moved  from  one  table  to  another,  the  per- 
ception of  the  unity  of  the  object  is  not  disturbed,  but 
there  is  a complete  readjustment  of  the  spatial  relations. 
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This  involves  a complex  series  of  interpretative  re- 
adjustments in  experience.  The  perception  of  motion 
arises,  and  this  may  be  described  as  both  a percept 
and  a complex  of  perceptions.  Thas,  it  has  been  shown 
by  various  experimental  investigation.s,  notabl}'  by 
photographs  of  the  eyes,  that  the  visual  perception 
of  a moving  object  consists  in  a series  of  fixations 
and  intermittent  movements.  The  fixations  are  related 
to  the  unity  of  objects,  the  intermittent  movements 
are  related  to  the  spatial  readjustments.  The  total 
process  involves  a fusion  of  the  complex  of  semsory 
factors  into  the  three  forms  of  arrangement : first,  the 
unity  of  object;  second,  the  spatial  differentiation  and 
arrangement  of  these  objects ; and  third,  the  flux  of  one 
system  of  relations  within  the  other.  Such  complexes 
as  these  show  the  comprehensiveness  of  perceptual 
organizations.  That  unity  can  be  maintained  in  the 
midst  of  a moving  group  of  sense  objects  shows  that 
the  interpretations  in  experience  transcend  by  far  the 
sensory  contents  which  are  used  in  building  up  these 
unities. 

It  may  be  well  to  make  a remark  at  this  time  which 
was  introduced  in  an  earlier  discussion  and  will  be 
reiterated  later.  The  various  complex  forms  of  mental 
interpretation,  such  as  space,  time,  and  unity  of  objects, 
are  no  more  artificial  and  unreliable  forms  of  experience 
than  are  sensory  qualities.  There  has  sometimes  been 
a disposition  on  the  part  of  thinkers  to  regard  space  and 
the  other  forms  of  experience  as  purely  mental  proce.sses, 
remote  from  reality  and  incapable  of  being  justified 
as  fully  as  are  sensory  factors  of  experience.  There  is 
no  ground  whatsoever  for  den}dng  to  space  as  direct 
a relation  to  the  external  world  as  we  attribute  to  red 
or  green  or  blue.  In  fact,  there  is  ground  for  the  state- 
ment that  space  is  a form  of  experience  which  is  very 
much  more  fully  and  definitely  organized  and  much 
more  adequate  to  represent  reality  than  any  sensation 
which  we  have.  The  various  types  of  experience  should 
not  be  looked  upon  as  measurable  by  their  relation  to 
sensations.  Forms  of  interpretation  are,  it  is  true, 
different  from  sensation  in  character  and  condition, 
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but  they  have  a character  and  validity  of  their  own 
which  sensations  do  not  have.  The  curious  historical 
tendency  to  regard  sensations  as  more  objective  than 
space  can  be  explained  onl}"  by  reference  to  the  psy- 
chological error,  which  was  referred  to  above,  of  at- 
tempting to  explain  all  mental  processes  by  their 
sensory  elements  without  recognizing  that  experience 
is  always  made  up  of  sensations  in  functional  relation. 

The  discussion  of  perception  may  be  closed  with  a 
brief  summary.  Perception  involves,  first,  a spatial 
order;  second,  the  compact  fusion  of  sensations  into 
percepts  of  separate  objects  in  the  world ; and  third, 
the  beginning  of  a temporal  order.  The  spatial  arrange- 
ment is  intimately  connected  with  movement,  being 
the  arrangement  given  to  sensory  factors  under  the 
mechanical  demands  for  characteristically  different 
reactions  to  different  sensory  factors  in  the  total  mass 
of  experience.  Fusion  of  sensations  into  separate 
recognitions  of  objects  is,  like  spatial  arrangement, 
related  to  activity,  for  all  those  phases  of  sensory 
experience  will  be  fused  together  which  require, 
as  experience  develops,  one  and  the  same  response. 
Finally,  time  recognition  depends  on  the  flux  in  ex- 
perience which  is  primarily  due  to  internal  conditions, 
and  comes  to  be  recognized  as  a flux  not  interfering 
with  the  permanency  of  the  spatial  order  or  the  unity 
of  objects. 
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The  relation  between  experience  and  muscular 
activity  is  by  no  means  so  obvious  to  the  ordinary 
observer  as  is  the  relation  between  experience  and 
sensory  processes.  There  are  many  movements  which 
seem  to  take  place  without  any  definite  relation  to 
consciousness.  Thus,  one  often  winks  his  eyes  without 
being  conscious  of  the  fact.  There  are  internal  move- 
ments in  the  organs  of  circulation  and  in  the  organs  of 
digestion  which  are  wholly  unknown  to  us  so  long  as 
they  are  normal  in  character.  The  effort  to  produce 
certain  activities,  furthermore,  does  not  alwa)'s  seem 
to  be  effective,  as  when  one  strives  to  imitate  a move- 
ment which  he  sees  and  finds  that  his  bodily  acti\'it}'’ 
is  altogether  out  of  harmony  with  the  desire  which  he 
has  in  consciousness.  For  such  reasons  as  these,  men 
have  long  considered  muscular  activity  as  related  to 
consciousness  only  in  a loose  and  irregular  manner. 
The  organs  of  sense  have  been  recognized  as  the  inlets 
for  experience,  but  the  muscles  have  not  been  recog- 
nized as  the  natural  outlets  for  all  sensory  excitations. 

Even  in  scientific  studies  of  the  relation  of  bodily 
movement  to  consciousness,  difficulties  are  likely  to 
arise,  because  not  all  movements  are  presented  in  con- 
sciousness as  explicit  objects  of  thought  and  attention. 
A sensation  quality,  such  as  red  or  green,  may  be  at- 
tended to  as  a definite  content  of  experience,  but  a 
movement  is  very  often  related  to  experience  in  such 
a way  that  it  is  not  an  object  or  content  of  conscious- 
ness, as,  for  example,  when  a movement  serves  as  a 
condition  of  an  emotion  of  anger  or  pleasure,  in  the 
manner  which  will  be  discussed  in  later  sections  of  this 
chapter.  Only  when  movement  is  novel  or  uuusually 
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intense  is  it  thought  of  in  the  same  way  as  are 
other  factors  of  consciousness  which  are  presented 
as  sensations,  and  in  these  cases  the  movement 
becomes  an  explicit  object  of  experience  by  first 
becoming  the  source  of  sensations  of  movement  or 
the  source  of  some  other  changes  in  sensory  contents. 
It  is  for  this  reason  that  such  discussions  of  activity 
as  those  which  came  up  in  the  explanation  of  space 
perception  in  the  last  chapter  are  not  so  easy  to  for- 
mulate as  are  psychological  principles  which  deal  ex- 
clusively with  sensations  which  can  be  thought  of 
and  described  as  definite  contents  of  experience. 

That  there  is  a universal  relation  between  conscious- 
ness and  bodily  activity  can,  however,  be  fully  estab- 
lished. Indirect  evidence  of  the  universality  and 
importance  of  this  relation  has  been  repeatedly  dis- 
cussed in  earlier  chapters.  The  structure  of  the  nerv- 
ous system  from  the  hydra  to  man  is  such  that 
there  is  always  a motor  organ  linked  with  every 
sensory  organ.  This  fact  is  enough,  even  if  there 
were  no  striking  introspective  indications  of  the 
importance  of  movement,  to  concentrate  the  atten- 
tion of  the  psychologist  upon  the  motor  side  of  nerv- 
ous processes. 

At  this  early  point  in  the  discussion  of  the  relation 
of  expression  to  experience,  it  is  important  to  call  ex- 
plicit attention  to  the  fact  that  motor  activity  does  not 
always  manife.st  itself  in  the  form  of  movement.  One 
may  hold  his  arm  rigidly  in  a fixed  position  and  be 
doing  more  muscular  work  than  if  he  were  executing 
a movement  through  space.  Or,  to  use  another  illus- 
tration, the  erect  position  of  the  head  is  maintained 
by  a constant  contraction  of  the  muscles  of  the  neck. 
The  tendency  of  the  head  is  to  fall  forward  if  the  neck 
muscles  do  not  do  their  work,  as  is  shown  the  moment 
one  becomes  drow.sy  and  relaxes  his  activity.  The 
head,  after  falling  forward  under  such  circumstances, 
is  often  drawn  back  by  a sudden  renewal  of  activity  in 
the  neck  muscles.  Movement,  in  this  ca.se,  is  evidently 
not  synonymous  with  motor  activity,  for  it  is  due  to 
intermittent  activity;  whereas,  when  activity  in  the 
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muscles  of  the  neck  is  constant,  as  it  normally  is,  there 
is  no  movement  of  the  head. 

With  this  distinction  in  mind  it  will  be  recognized 
at  once  that  every  waking  individual  is  intensely 
active,  whether  he  is  moving  about  or  remaining  in 
a single  position.  We  commonly  recognize  that  a 
waking  person  is  receiving  sensory  impressions,  and 
that  he  has  some  degree  of  consciousness  which  must 
be  paralleled  by  central  nervous  activity.  It  is  the 
purpose  of  the  present  discussion  to  bring  out  the 
significance  of  the  fact  that  a waking  individual  is 
always  active.  The  evidence  for  this  can  be  produced 
by  recounting  the  results  of  certain  experiments  which 
show  that  motor  activity  is  constantly  undergoing 
change  whenever  an  individual  is  receiving  impressions 
or  whenever  the  consciousness  of  impressions  is  prasent. 
One  of  the  simplest  tests  which  can  be  made  is  a test 
of  muscular  strength  by  means  of  a dynamometer.  If 
such  a test  is  made  in  a dark,  silent  room,  and  a .second 
test  with  the  same  person  is  subsequently  made  in  a 
room  which  is  well  lighted  and  full  of  sound,  it  will 
be  found  that  more  work  can  be  done  in  the  latter 
case  than  in  the  former.  The  additional  light  and 
sound  have  raised  the  nervous  and  muscular  tone  to  a 
higher  level,  so  that  when  the  movement  is  under- 
taken, the  motor  impulses  to  the  muscles  have  the 
advantage  of  the  higher  initial  tension.  It  need  hardly 
be  pointed  out  that  the  conscious  experience  of  the 
reactor  is  different  in  the  two  cases  described. 

A second  experiment  is  as  follows:  Let  a person 
be  trained  to  make  a certain  arm  movement  of  given 
length  with  his  eyes  closed.  If  a number  of  measure- 
ments are  made,  it  is  possible  to  determine  with  great 
accuracy  the  range  of  error  of  these  movements  under 
conditions  where  there  is  no  special  excitation.  The 
movements  made  under  such  quiet  conditions  will 
not  be  of  exactly  the  same  length  in  successive  trials, 
but  they  will  not  differ  widely  from  each  other.  After 
these  preliminary  tests,  let  the  reactor  be  given  a strong 
bitter  or  sweet  taste  sensation.  The  result  will  be  that 
the  arm,  in  common  with  the  other  muscular  organs 
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of  the  body,  will  take  on  a different  tension.  The 
tension  in  the  case  of  a sweet  stimulus  will  tend  to  favor 
outward  expansive  movements;  the  tension  in  the  case 
of  a bitter  stimulus  will  tend  to  favor  inward  contracting 
movements.  These  changes  in  tension  will  appear  in 
the  fact  that  the  reactor  will  make,  on  the  average, 
longer  or  shorter  movements  than  he  did  in  the  original 
series,  although  his  effort  and  intention  are  aimed  at 
uniformity  of  movement.  In  all  these  cases,  the  reactor 
estimates  his  movement  in  terms  of  the  effort  which 
the  movement  costs  him.  Every  change  in  the  ten- 
sion of  his  muscles  changes  the  effort  which  is  necessary 
to  execute  a movement  that  will  satisfy  his  judgment 
and  seem  to  him  equal  to  the  one  which  he  learned 
during  the  practice  series.  The  change  in  tension 
which  results  from  the  reception  of  the  stimulus  dis- 
turbs the  regular  estimation  of  the  movements. 

One  of  the  systems  of  muscles  which  is  most  notice- 
ably affected  by  any  change  in  stimulation  is  the  sys- 
tem in  control  of  the  circulatory  activities.  If  a re- 
cording apparatus  is  so  adjusted  as  to  give  a record 
of  the  rate  and  intensity  of  the  heartbeat,  it  will  be 
found  that  there  is  a constant  rise  and  fall  in  the  rate 
and  intensity  of  circulatory  activity.  The  rise  and 
fall  can  be  shown  in  striking  degree  by  using  in  the  course 
of  the  experiment  some  marked  stimulus,  but  even 
when  no  special  stimulus  is  applied  to  the  organs  of 
sense,  there  is  a continuous  flux  and  change  in  the 
circulatory  activities.  Here  again,  it  is  unnecessary 
to  point  out  that  consciousness  is  constantly  changing, 
and  that  it  changes  most  noticeably  with  the  applica- 
tion of  an  external  stimulus.  Indeed,  so  close  is  the 
relation  between  activity  and  sensation  in  this  latter 
case,  that  it  may  safely  be  said  that  there  is  never  a 
change  in  sensory  excitation  without  a parallel  change 
in  circulatory  activity. 

The  cases  cited  up  to  this  point  have  been  chiefly 
cases  in  which  some  change  in  sensory  stimulation 
was  introduced.  Changes  in  muscular  tension  appear, 
however,  when  the  change  is  one  of  a more  central 
type.  Thus,  let  a person  think  of  agreeable  or  dis- 
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agreeable  memory  images,  let  him  try  to  do  some 
mental  work,  such  as  solving  a problem  in  arithmetic, 
and  there  will  be  measurable  changes  in  his  heartbeat 
and  in  the  tension  of  his  muscles  generally. 

Let  the  person  to  be  tested  rest  his  hand  on  some 
recording  apparatus  which  moves  with  very  little 
friction.  A board  suspended  by  a long  string  and 
carrying  a tracer  at  one  end  is  a very  good  apparatus 
with  which  to  make  this  experiment.  Now  let  the 
subject  close  his  eyes  and  think  intently  of  his  hand. 
The  recording  point  will  make  short  excursions  back 
and  forth,  for  there  is  no  such  condition  as  one  of  abso- 
lute rest  of  the  hand  muscles,  and  under  the  conditions 
arranged,  very  slight  movements  are  sufficient  to  pro- 
duce a record.  After  noting  the  range  and  kind  of 
movement  which  will  be  made  when  one  thinks  as 
steadily  as  he  can  of  the  hand,  let  the  reactor  think 
intently  of  some  object  at  his  right  or  left.  Let  him 
make  an  imaginary  journey  or  draw  in  imagination 
some  simple  geometrical  figure.  The  result  will  be 
that  the  movements  of  the  recorder  will  be  radicall}'’ 
changed.  There  will  often  be  a tendency  for  the  new 
movement  to  take  on  a form  directly  related  to  the 
new  subject  of  thought,  but  in  any  case  there  will  be 
a change  from  the  type  of  movement  which  appears 
when  attention  is  concentrated  on  the  hand,  even  if 
the  tendency  of  the  new  movement  is  not  directly 
traceable  to  the  new  experience.  Figure  49  shows  the 
records  of  involuntary  hand  movements  of  the  type 
described. 

Examples  could  be  multiplied  without  limit  to  show 
that  every  change  in  experience,  whether  it  is  initiated 
by  a change  in  the  sensory  stimulus  or  by  some  internal 
cause,  is  accompanied  by  changes  in  muscular  tension. 
Such  changes  in  tension  are  usually  general  in  character; 
that  is,  they  are  widely  distributed  throughout  the  bod^^ 
There  may  be  certain  particular  points  in  the  muscu- 
lar system  where  the  change  rises  to  greatest  intensity, 
but  this  particular  point  of  emphatic  response  is  in- 
cluded in  the  general  system,  the  whole  of  which  is 
involved  to  a greater  or  less  degree. 
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The  significance  for  psychology  of  these  facts  of 
bodily  activity  and  movement  cannot  be  overesti- 
mated. The  movements  and  tensions  are  not  in  most 
cases  subject-matter  of  consciousness;  they  are  the 
physiological  expres- 
sions of  a nervous 
organization  which  is 
at  once  the  condition 
of  the  bodily  activity 
and  of  the  individual’s 
conscious  experience. 

Suppose  that  the  color 
yellow  strikes  an  ob- 
server’s eye.  It  ex- 
cites a certain  sensory 
process  which  is  carried 
to  the  central  nervous 
system.  Here  the  sen- 
sory process  enters 
into  relations  which 
give  it  value  and  sig-^ 
nificance.  We  cannot 
trace  these  relations 
in  the  central  nervous 
s}’stem,  because  they 
are  so  intricate  and  so 
inaccessible,  but  we 
can  show  that  yellow 
causes  a change  in  the 
muscular  tensions, 
sometimes  producing 
a change  in  the  rate 
of  the  heartbeat. 

The  question  which  ari.ses  at  this  point  is.  Are  there  any 
phases  of  experience  which  correspond  to  this  active 
side  of  bodily  life,  in  any  such  way  as  sensory  quality 
and  intensity  correspond  to  the  excitation  of  the  organ  of 
sen.se  ? In  answering  this  question,  we  have  reached  the 
point  in  our  study  of  experience  where  it  is  appropriate 
to  call  attention  to  a phase  of  experience  which  is  en- 
tirely inexplicable  in  terms  of  sensory  quality.  We  are  all 


Fig.  49.  Involuntary  hand  move- 
ments made  by  the  right  and  left 
hands  of  an  observer  who  is  think- 
ing of  a building  situated  in  front 
of  him.  The  hands  begin  at  the 
two  points  A,  A,  the  building  lies 
in  the  direction  of  the  movement 
which  is  here  represented  by  the 
downward  extension  of  the  two 
lines.  From  Jastrow. 
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conscious  of  certain  mental  attitudes  which  we  assume 
toward  the  objects  aljout  us.  When  one  sees  yellow, 
he  is  conscious  of  more  than  the  mere  color.  The  color 
arouses  in  him  a response,  an  individual  attitude. 
This  attitude  has  a certain  intensity  and  a certain 
character  distinct  from  the  sensation  to  which  it  at- 
taches. It  is  not  the  sensation,  but  one’s  reaction  to 
the  sensation.  This  active  attitude  in  experience  is 
intimately  related  to  the  individual’s  disposition  to 
respond  to  his  impressions  with  a bodily  respon.se  of 
some  kind.  The  single  word  “ attitude  ” may  very  ap- 
propriately apply  to  both  the  bodily  reaction  and  the 
mental  process.  If,  in  the  cour.se  of  an  individual’s 
experience,  there  has  been  developed  a violent  attitude 
jof  dread  for  a certain  group  of  sensations,  there  will 
invariably  be  developed  a bodily  shrinking  to  parallel 
the  mental  attitude.  The  muscular  activities  at  the 
surface  of  the  body  are  not  the  direct  conditions  of 
■the  attitudes  in  consciousness  any  more  than  the  periph- 
eral processes  in  the  retina  or  organ  of  Corti  are  the 
immediate  conditions  of  conscious  sensations.  The 
central  processes  which  determine  the  motor  discharges 
into  the  muscles  are  the  immediate  conditions  of  at- 
titudes, just  as  the  central  processes  in  the  sensor\" 
areas  are  the  immediate  conditions  of  sensor}'  qualities 
in  experience. 

The  way  was  prepared  in  the  last  chapter  for  such 
considerations  as  these.  It  was  shown  that  the  orderly 
arrangement  of  sensory  qualities  into  a spatial  series 
is  not  determined  by  the  qualitative  character  of 
sensations  as  they  are  given  in  experience,  but  rather 
by  the  way  in  which  a practical  series  of  responses  is 
worked  out  in  the  course  of  the  individual’s  effort 
to  use  his  sensations  in  the  adjustments  of  life.  The 
practical  development  of  e.xperience  leads,  however, 
not  merely  to  the  arrangement  of  these  experiences  in 
certain  series;  it  leads,  also,  to  the  cultivation  of  certain 
regular  modes  of  personal  relation.  Very  early  in 
life  the  child  begins  to  realize  the  distinction  between 
impressions  and  his  personal  attitudes  toward  the 
world  of  impressions.  The  attitudes  he  learns  to  treat 
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as  purely  i)rivate,  while  the  impressions  he  recognizes 
as  phases  of  experience  which  he  has  in  common  with 
others.  An  attitude  is  never  fused  with  sensations  in 
any  such  a way  as  sensations  are  fused  with  one  an- 
other. An  attitude  is  never  arranged  in  space  along 
with  sensations;  an  attitude  is  never  attributed  to  a 
thing  along  with  its  other  sensory  qualities.  An 
attitude  may  be  arranged  in  a temporal  series,  for  it 
may  itself  exhibit  change  while  its  object  remains 
permanent ; or,  conversel^q  it  may  remain  the  same  while 
its  object  undergoes  noticeable  transformation.  The 
attitude  which  one  assumes  toward  things  is,  accord- 
ingl}^  a distinct  subjective  fact,  separable  in  intro- 
spection from  the  sensory  content  to  which  it  is  applied. 

The  most  general  attitude  in  mental  life  is  one  of  con- 
centration upon  certain  factors  of  experience  and  re- 
jection of  others.  When  the  impressions  from  the 
world  pour  in  upon  an  individual,  he  does  not  receive 
them  all  with  equal  eagerness.  Some  are  neglected, 
others  are  made  the  objects  of  the  most  vigorous 
response.  Without  attempting  to  describe  what  the 
character  of  this  response  is,  we  use  a general  term  to 
describe  the  fact  that  the  individual  reacts  vigorously 
upon  experience;  we  say  that  he  attends  to  certain 
of  these  experiences  and  does  not  attend  to  others. 
Attention  is  not  a new  factor  or  content  or  form  of 
arrangement  in  experience ; it  is  rather  an  individual 
attitude.  Attention  is  not  something  which  is  deter- 
mined by  external  conditions.  The  individual  attends, 
because  of  inner  impulses.  To  be  sure,  attention  and 
sensory  processes  are  intimately  related.  Sometimes 
the  sensation  seems  to  attract  the  individual,  because 
of  its  intensity.  But  there  is  abundant  evidence  that 
the  individual  may  neglect  the  strongest  impression, 
provided  he  is  sufficiently  preoccupied.  The  strong 
impression  is  a favorable  condition  for  attention,  but 
the  act  of  attention  is  an  internal  response.  Very 
often  the  internal  character  of  the  response  is  clearly 
shown  by  the  fact  that  attention  is  concentrated  upon  a 
sensation  of  inferior  intensity.  Again,  attention  may 
be  concentrated  upon  the  search  for  some  content  not 
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now  present,  as  when  one  listens  for  an  expeetetl  signal 
or  seeks  to  recall  a forgotten  name.  9''he  character  of 
attention  in  such  ca.ses  is  very  difficult  to  define  in 
terms  which  refer  merely  to  the  contents  of  experience. 
The  whole  matter  becomes  clear,  however,  as  soon  as 
we  consider  the  relations  of  all  the.se  cases  to  the  re- 
active side  of  experience  and  of  nervous  organization. 

No  better  illustration  of  this  formula  could  be  found 
than  the  bodily  and  mental  behavior  of  a child  or  an 
animal.  Whatever  is  attended  to  in  either  of  the.se 
cases  is  the  subject  of  immediate  bodily  reactions  in  the 
same  degree  as  it  is  the  subject  of  intense  consciousness. 
The  animal  absorbed  in  the  pursuit  of  food  concen- 
trates his  whole  active  being  so  as  to  give  prominence 
to  the  sensory  and  motor  processes  involved  in  getting 
food.  All  the  sensations  from  surrounding  objects, 
and  all  the  activities  which  do  not  contribute  to  that 
end,  form  simply  the  general  background  for  the  one 
leading  fact  of  individual  reaction  which  centers  about 
the  sensation  of  food  and  the  application  of  bodily 
activity  to  the  demands  created  by  that  sensation. 
In  like  fashion,  a child  cannot  be  attentive  to  an  object 
without  seeking  to  move  toward  it  and  grasp  it.  At- 
tention is  here  seen  in  one  of  its  simplest  and  mo.st 
direct  forms.  Similar  statements  ma}^  be  made  regard- 
ing adults.  No  man  ever  gave  attention  without 
giving  active  signs  of  the  concentration  of  his  bodily 
activities  on  the  object  of  his  attention.  The  fixation 
of  the  gaze  on  the  object  of  visual  attention,  the  set 
muscles  of  the  face,  the  suspended  respiration,  are  all 
marks  of  attention.  Relaxation  and  attention  are 
terms  which  do  not  belong  together.  Strain,  tension, 
effort,  are  terms  which  describe  the  attitude  of 
attention. 

So  general  is  the  term  attention  that  it  has  always 
been  difficult  to  disentangle  it  from  the  concept  of 
consciousness  as  a whole.  The  reason  for  this  difficult}’^ 
appears  from  our  foregoing  discussion.  Attention,  in 
some  degree,  is  present  wherever  an  individual  is  assum- 
ing an  attitude  toward  his  impressions.  There  may  be 
foci  of  high  attention,  or  there  may  be  a scattering  of 
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attention  over  a wide  field  without  emphasis  of  any 
special  contents.  The  degree  of  attention  may  then 
be  reduced  until  it  seems  to  approach  the  vanishing 
point.  When  all  these  different  degrees  of  attention 
are  taken  into  account,  there  is  no  distinction  between 
the  range  of  attention  ami  the  range  of  organized  e.x- 
perience.  The  conditions  of  both  attention  and 
consciousness  are  the  same.  The  only  motive  for  dis- 
tinguishing between  the  two  is  that  the  general  term 
consciousness  gives  us  a name  for  the  fact  that  wher- 
ever sensory  impressions  are  received  and  made  the 
basis  for  reactions,  there  is  some  experience,  while  the 
word  “attention  ” refers  more  especially  to  the  select- 
ive character  of  the  organizing  process,  whereby  one 
particular  group  of  sensor}^  factors  is  emphasized  more 
than  any  other  group  and  is  made  the  center  of  organ- 
ization and  the  special  occasion  for  a highly  emphasized 
action  and  a pronounced  subjective  attitude. 

The  contrast  between  the  terms  consciousness  and  at- 
tention may  be  made  clearer  by  asking  whether  the  train- 
ing of  attention  in  one  sphere  of  scientific  observation  or 
in  one  line  of  literary  study  tends  toward  a general 
training  of  consciousness.  Certainly,  a course  of  study 
in  any  line  will  add  something  to  the  content  of  mental 
life,  and  thus  contribute  to  a richer  consciousness, 
but  it  does  not  add  in  every  case  to  the  breadth  of 
attention.  Attention,  as  we  have  seen,  is  selective, 
and  repeated  concentration  on  one  particular  body  of 
material  may  tend  to  make  attention  in  any  other 
direction  more  and  more  difficult.  Thus,  the  man 
interested  merely  in  physics  may  pass  over  without 
any  attention  the  plants  and  animals  which  interest 
the  botani.st  and  the  zoologist.  One  can  say  that  the 
physicist  thus  trained  to  look  for  only  one  class  of  facts 
has  little  attention  for  plants  and  animals.  To  be 
sure,  even  this  case  shows  the  relation  between  general 
consciousness  and  attention,  for  it  is  clear  that  even 
a low  degree  of  attention  must  be  recognized  in  the 
general  study  of  consciousness.  The  case  furnishes 
an  opportunity  to  draw  a contrast  between  the  terms 
consciousness  and  attention  by  saying  that  the  physi- 
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cist  is  training  one  type  of  attention  at  the  expense  of 
other  forms  of  conscious  experience. 

The  tendency  to  specialize,  which  is  thus  expres.sed 
1)y  the  word  “ attention,”  is  strikingly  illustrated  in  the 
life  of  animals.  Not  only  is  attention  obviously  related 
to  action,  as  pointed  out  above,  but  the  range  of  at- 
tention is  definitely  limited  by  the  individual’s  organ- 
ization. There  is  little  surplus  attention  for  objects 
not  directly  utilized  in  the  animal’s  struggle  for  exist- 
ence. Thus,  no  animal  ever  looks  at  a landscape  for 
the  sake  of  enjoying  its  lines  and  colors;  attention  is  too 
much  absorbed  at  that  level  of  life  in  looking  for  ene- 
mies and  food. 

In  human  life,  as  contrasted  with  animal  life,  the 
limiting  influences  of  specialization  are,  to  a great  extent, 
counterbalanced  by  the  fact  that  an  individual  wjio  has 
once  organized  experience  in  such  a way  as  to  exhibit 
close  attention  in  a given  direction,  seems  to  be  able 
on  later  occasions  to  work  his  way  through  a new  series 
of  problems  with  greater  ease.  For  example,  a person 
who  has  been  trained  to  observe  plants,  will,  if  he  turns 
to  the  task,  observe  animals  better  as  a result  of  his 
training  with  plants.  The  explanation  of  this  broad 
ability  to  specialize  in  a variety  of  directions  is  undoubt- 
edly to  be  found  in  the  fact  that  in  human  life  there  have 
been  developed  a system  of  active  responses  which 
are  at  once  definite  and  general  in  form.  This  s}’stem 
of  responses  constitutes  what  we  call  language.  With 
the  animal  all  responses  are  direct  and  specific,  and 
attention  is  always  developed  in  the  direction  of  limita- 
tion, rather  than  generalization.  With  man  there  are 
imdoubtedly  many  limiting  forms  of  organization  and 
attention,  but  there  is  a tendency  in  forming  words  to 
develop  a kind  of  attention  and  organization  which 
may,  if  properly  employed,  counterbalance  the  limita- 
tions of  specific  reaction. 

The  problem  of  the  origin  and  function  of  language 
is  one  of  the  most  important  special  problems  of  human 
psychology.  Language  and  the  developed  forms  of 
attention  which  attach  to  it  will  be  taken  up  in  a later 
chapter.  It  is  enough  to  make  the  relations  of  this 
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problem  clear  at  this  point.  Language  is  so  important 
a form  of  activity  that  human  consciousness  may  be 
said  to  be  determined  in  general  character  and  espe- 
cially in  its  types  of  organization,  more  by  the  ability 
to  respond  to  impressions  by  movements  of  the  vocal 
cords  than  by  any  other  motor  ability  whatsoever. 

Enough  has  been  said  to  make  it  clear  that  attention 
is  merely  a name  for  various  phases  of  selective  arrange- 
ment within  experience.  The  further  discussions  of 
the  organization  of  experience  may,  therefore,  all  be 
regarded  as  discussions  of  attention  and  will  serve  to 
define  in  full  what  the  term  means. 

We  turn  to  another  general  term  which  has  often 
been  used  in  psychological  discussions  and  in  popular 
parlance  as  vaguely  synonymous  with  the  term  con- 
sciousness. This  is  the  term  feeling.  The  discussion 
of  this  term  has  been  further  complicated  by  the  fact 
that  man}’’  psychologists  use  it,  not  in  the  vague 
general  sense  above  indicated,  but  in  a technical  sense 
to  designate  a group  of  phases  of  experience  which  are 
sharply  distinguished  from  sensations  and  from  forms 
of  perception.  Examples  of  experiences  included  within 
this  technical  meaning  of  the  term  are  pleasurable  and 
unpleasurable  experiences. 

The  various  uses  of  the  term  feeling  all  have  this 
common  characteristic;  they  refer  to  a purely  personal 
phase  of  experience,  to  the  side  of  experience  which  is 
recognized  as  made  up  of  one’s  own  attitudes,  rather 
than  to  the  side  of  experience  which  is  made  up  of 
impressions,  especially  impressions  from  outside  of 
one’s  own  body.  Where  the  word  “ feeling  ” refers  to 
content  factors,  even  these  are  thought  of  as  intimate 
personal  states,  rather  than  experiences  in  which  ref- 
erence can  be  made  to  external  objects.  Thus,  when 
one  says  that  he  feels  cold,  it  may  be  that  his  experience 
is  filled  with  sensations,  but  these  are  sensations  of  one’s 
own  condition,  rather  than  sensations  referred  to  the 
objects  from  which  they  are  derived.  Again,  when  one 
uses  the  word  “ feeling  ” to  express  the  pleasure  which  he 
experiences  in  the  contemplation  of  a painting,  he 
distinguishes  between  the  object  at  which  he  is  looking 
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and  his  own  feeling  about  the  object,  his  feeling  being 
his  personal  attitude  toward  the  thing  seen.  When  one 
says  that  he  feels  well  and  begins  the  day  with  a buoy- 
ant attitude,  he  does  not  consciously  refer  his  experience 
to  his  organic  sensations,  even  though  analysis  may 
show  that  his  attitude  is  due  to  a current  of  stimula- 
tions from  his  internal  organs.  The  fact  which  he 
expresses  by  his  use  of  the  word  “ feeling  ” is  the  inti- 
mate personal  character  of  the  experience.  When  one 
experiences  a vague  dread  without  being  able  to  ex- 
plain it,  he  says  he  feels  a premonition  of  evil  yet 
imknown.  Again,  when  he  reaches  a conclusion 
without  being  clearly  conscious  of  the  evidences,  he 
says  that  he  feels  sure  or  feels  doubtful  of  his  ground. 
All  these  cases  show  a lack  of  reference  to  content,  or 
they  show  a vagueness  of  content  which  emphasizes 
the  attitude  side  of  the  experience.  Some  writers  have 
made  the  misleading  remark  that  the  feeling  itself  is 
vague.  This  is  a confusion  based  upon  the  truth  that 
the  sensory  content  of  the  experience  is  treated  as 
negligible.  Can  any  one  who  feels  downcast  admit  that 
the  feeling  is  vague,  because  he  cannot  justify  or  explain 
his  mood  ? Obviously  not.  The  feeling  is  vivid  in  its 
own  proper  character,  but  not  in  its  accompaniments 
of  sensations.  Indeed,  the  more  vivid  the  feeling 
phase  of  any  experience,  the  less  clearly  will  the  con- 
tent factors  be  apprehended. 

Such  considerations  as  these  make  intelligible  the 
positions  of  certain  psychologists  who  have  held  that 
feeling  is  the  original  and  primitive  form  of  conscious- 
ness. As  consciousness  has  developed,  they  point  out, 
discriminations  have  been  worked  out  and  sensation 
factors  have  been  clearly  marked  off  within  experience, 
and  the  consciousness  of  things  has  been  organized  into 
a coherent  system.  In  support  of  this  position,  they 
call  attention  to  the  fact  that  the  infant  has  little 
clear  knowledge,  but  apparently  much  vivid  feeling. 
Feeling  is,  therefore,  they  contend,  the  form  of  con- 
sciousness which  characterizes  the  individual  while 
he  is  at  the  instinctive  level  of  life  and  nervous  organ- 
ization. The  fact  that  immature  beings  are  supplied 
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with  marked  instinctive  attitudes,  wholly  unjustified 
by  personal  experience,  but  vivid  because  provided 
for  in  fully  developed  congenital  motor  structures, 
lends  strong  support  to  the  view  that  feeling  is  not  a 
content  phase  of  consciousness,  derived  through  con- 
tact with  the  world,  but  a pure  attitude  determined  by 
internal  organization. 

A comprehensive  formula  embracing  all  the  varied 
facts  included  under  the  general  term  feeling  was  first 
offered  by  two  writers  who  called  attention  to  the  re- 
lation of  feeling  to  bodily  activity.  Lange  and  James, 
working  independently,  came  to  the  view  that  feelings 
can  be  accounted  for  only  by  reference  to  bodily 
expressions.  Bodily  expressions  are  not  to  be  treated 
as  remote  and  accidental  consequences  of  feelings, 
but  as  essential  conditions.  We  do  not  cry  because 
we  are  sorry,  said  James;  “we  feel  sorry  because  we 
cry.”  The  feeling  is  not  a mental  state  remotely 
accompan3'ing  the  act,  but  act  and  feeling  follow  upon 
the  stimulus  in  the  order  given;  namely,  first  the  act 
and  second  the  feeling,  the  feeling  being  the  conscious 
parallel  of  our  organized  mode  of  response. 

When  the  James-Lange  theory  was  first  stated,  it 
was  the  subject  of  much  criticism.  It  must  be  ad- 
mitted that  the  first  statements  of  the  theory  were 
somewhat  crude.  So  strong  was  the  tendency  in 
psychological  thought  at  that  time  to  look  for  the  source 
of  all  forms  of  consciousness  in  some  kind  of  sensations, 
that  James  clearly  described  feelings  as  due  to  the 
stream  of  sensations  flowing  into  the  nervous  system 
after  the  expressive  movement  had  been  executed. 
It  has  been  shown  in  a great  variety  of  ways  that  the 
statement  in  this  form  cannot  be  accepted.  Thus,  it 
has  been  shown  that  the  muscular  contractions  accom- 
pan>'ing  a feeling  take  place  in  time  after  the  conscious- 
ne.ss  of  the  feeling  has  been  fully  established.  The 
account  of  the  exact  nature  of  the  relation  which  holds 
between  feelings  and  activities  was,  therefore,  in  need 
of  revision,  even  after  the  first  statement  of  the  genei’al 
fact  that  such  a relation  exists.  That  such  a relation 
exists  and  is  of  prime  importance  has  become  clearer 
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and  clearer  with  the  further  consideration  of  the  matter 
since  Janies  and  flange  first  propounded  their  theory. 
Indeed,  the  suggestion  made  l;y  these  two  writers  is  so 
productive  that  the  present  difficulty  in  describing 
the  conditions  of  feelings  is  of  an  entirely  different  kind 
from  that  which  existed  at  first.  We  have  been  led  to 
recognize  that  not  only  feelings,  but  a great  many 
other  phases  of  experience,  are  related  to  bodily  activity 
and  are  explicable  in  terms  of  activity  rather  than 
of  sensation.  The  difficulty  now  is,  not  in  believing 
that  feeling  is  directly  related  to  activity,  but  in  finding 
out  what  particular  characteristics  of  motor  organ- 
izations will  explain  the  special  characteristics  of  the 
different  phases  of  consciousness  which  are  related  to 
activity.  Thus,  we  have  seen  that  space  is  the  form 
of  arrangement  which  grows  out  of  the  organization 
of  sensation  complexes  under  the  requirements  of  the 
mechanical  possibilities  of  movement.  Attention  Ls 
related  to  the  selective  emphasis  laid  upon  a given 
impression  through  the  development  of  an  appropriate 
response.  The  unity  of  our  percepts  is  determined  by 
the  necessity  of  combining  the  disparate  factors  of 
sensation  into  objects  of  single  reactions.  What,  then, 
is  the  characteristic  of  motor  organization  which  con- 
ditions the  rise  of  feeling  attitudes,  such  as  pleasure 
and  displeasure,  and  why  should  the  word  “feeling,” 
which  is  applied  specifically  to  agreeable  and  disagree- 
able states,  be  used  at  times  to  designate  the  other 
phases  of  consciousness  popularly  included  under  the 
term  feeling  and  illustrated  in  a foregoing  paragraph? 

In  seeking  an  answer  to  these  questions,  we  may  note, 
first,  that  feeling  in  its  relation  to  bodily  activity  alwa^'s 
reflects  the  harmony  or  lack  of  harmony  of  active 
tendencies.  Every  active  response  which  we  attempt 
to  make  is  either  impeded  or  aided  b}"  the  natural 
organization  of  the  nervous  system,  or  bj'  other 
active  tendencies  present  in  the  nervous  SA'stem  at 
the  same  time.  So  long  as  the  various  tendencies 
toward  action  which  are  present  at  a given  moment 
contribute  favorably  to  mutual  progress,  the  feeling 
tone  of  experience  will  be  agreeable;  as  soon  as  active 
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tendencies  conflict,  they  will  be  accompanied  by  a 
disagreeable  feeling.  This  broad  general  statement 
will  be  clearer  after  considering  certain  particular 
cases. 

Take  the  case  of  a person  who  is  trying  to  read  and 
hears  continually  sounding  in  his  ears  a noise  calling 
him  away  from  the  book.  The  tendency  to  respond 
to  the  visual  stimulations,  as  exhibited  in  the  active 
fixing  of  the  eyes  on  the  printed  page,  is  in  conflict 
with  the  tendency  to  answer  the  noise,  and  the  person 
is  conscious  of  a conflict  in  his  experience.  The  con- 
flict may  be  analyzed  and  may  be  made  the  subject  of 
knowledge  and  thought,  but  quite  apart  from  this 
analysis  and  thought  about  the  conflict  of  tendencies, 
there  is  in  experience  a disagreeable  feeling  which  is  the 
conscious  result  of  the  conflict.  The  feeling  is  not  a 
content  factor,  as  are  the  noise  and  the  printed  words; 
it  is  rather  the  experience  of  restless  wavering  between 
contents.  It  is  the  characteristic  consciousness  of 
inability  to  settle  down  to  one  kind  of  attention;  it 
is  an  attitude  of  effort  to  secure  an  adjustment  which 
seems  to  be  just  beyond  reach. 

Contrast  with  this  feeling  of  conflict  and  unpleasant- 
ness, the  attitude  of  another  person  with  entirely 
different  active  tendencies  in  the  presence  of  the  same 
noise.  Let  us  suppose  that  this  second  person  is  ac- 
tively engaged  in  making  all  the  noise  he  can.  He  will 
welcome  the  support  which  comes  to  his  plans  and 
e.xperience  from  the  disturbance  that  was  so  unpleas- 
ant to  the  reader.  The  experience  of  satisfaction  in 
the  second  person  cannot  be  explained,  any  more  than 
could  the  experience  of  dissatisfaction  in  the  first 
person,  by  the  quality  or  intensity  of  the  noise.  In 
both  cases,  it  is  a matter  of  personal  attitudes.  The 
whole  trend  of  activity  in  the  noisy  individual  is  con- 
genial to  the  further  reception  of  sound  impressions. 
The  more  sounds  there  are,  the  more  easily  the  response 
which  he  is  making  can  be  continued  and  increased. 
It  requires  no  analysis  on  the  part  of  the  individual  to 
accept  the  sound  as  a congenial  addition  to  his  expe- 
rience. The  sound  fits  into  experience  and  contributes 
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to  it;  the  attitude  of  the  individual’s  mind  is  reen- 
forced and  encouraged;  all  this  expre.^ses  itself  in  a 
feeling  of  pleasure. 

There  a,re  other  types  of  motor  organization,  less 
temporary  than  the  one  which  has  served  for  the  first 
illustration.  Thus,  the  organization  of  certain  ani- 
mals is  such  that  they  are  aroused  by  certain  colors 
to  a degree  of  muscular  activity  altogether  out  of  pro- 
portion to  the  intensity  of  the  sensation.  The  bull 
is  proverbially  much  disturbed  by  a red  flag.  The 
activity  and  feeling  tone  attached  to  such  a sensory 
quality  are  due  to  the  inherited  nervous  organization 
of  the  whole  animal.  This  powerful  herbivorous 
animal,  spending  its  life  in  an  environment  which  is 
predominantly  green  and  variegated,  at  most,  only  by 
certain  mild  color  tones,  is  aroused  to  violent  mascular 
activity  and  internal  excitement  by  a color  so  dia- 
metrically opposed  to  green  as  is  red.  Red  is  strange, 
and  in  conflict  with  all  the  peaceful  attitudes  of  the 
animal.  The  attitude  of  the  animal  is  much  like  our 
own  attitude  when  we  hear  a strange  sound  or  see  a 
strange  form  which  does  not  fit  into  the  ordinary  routine 
of  life.  In  all  these  cases,  there  is  a deep-seated  con- 
flict between  the  normal  modes  of  behavior  and  the 
demands  of  the  strange  stimulus.  Often  the  agitation 
and  conflict  are  so  great  that  the  sensation  factors 
in  experience  receive  no  clear  attention,  because  con- 
sciousness is  so  full  of  disturbed  attitudes.  Experience 
is,  accordingly,  vague  on  the  content  side  and  \’iolentl3’' 
agitated  on  the  attitude  side. 

Human  responses  to  different  colors  are  different, 
according  to  the  changes  in  qualit3^  The  phrases 
“soothing”  and  “exciting”  have  always  been  used  in 
connection  with  different  colors  to  indicate  the  feeling 
attitude  which  they  arouse.  If  a careful  record  is 
made  of  certain  of  the  internal  activities,  such  as  the 
heartbeat,  it  is  possible  by  using  extreme  variations 
in  color  quality  to  demonstrate  changes  in  the  rate 
and  intensity  of  the  heartbeat.  These  demonstrable 
facts  indicate  the  presence  of  many  other  changes 
which  are  too  delicate  or  inaccessible  to  be  exhibited 
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directly.  The  feeling  tone,  or  value  to  the  observer 
of  the  different  colors,  is  related  to  these  activities, 
not  because  the  activities  are  reported  back  in  the  form 
of  vague  sensations  of  movement,  as  James  put  it  in 
his  earlier  statements,  but  because  the  effect  of  a stimu- 
lus on  the  individual  is  to  arouse  an  active  tendency 
which  is  quite  as  much  a part  of  the  individual’s  nature 
as  is  his  ability  to  receive  sensory  impressions.  If  the 
type  of  organization  is  one  which  allows  the  stimulus 
to  stir  up  the  individual  and  keep  the  motor  channels 
in  a state  of  irregular  activity,  the  color  will  not  only 
be  red  or  yellow;  it  will  also  be  exciting.  If,  on  the 
contrary,  the  color  arouses  no  general  agitation,  but 
tends  to  reenforce  the  normal  organic  processes,  its 
effect  on  consciousness  cannot  be  fully  described  by 
reference  to  its  quality ; it  will  be,  not  merely  green  or 
blue;  it  will  also  be  soothing. 

Such  considerations  as  these  show  why  any  vague 
sensory  experience  which  has  its  chief  effect  in  arousing 
or  retarding  activity  is  described  in  ordinary  language 
as  a feeling.  Temperature  experiences,  for  example, 
have  their  chief  significance  in  the  organic  adjust- 
ments which  they  arouse.  We  do  not  recognize  these 
adjustments  as  separate  facts,  but  we  are  conscious  of 
the  general  effect  which  any  change  in  temperature 
produces  in  the  whole  background  of  activity.  Again, 
the  contrast  between  smoothness  and  roughness  in 
tactual  surfaces  is  primarily  a sensory  contrast,  but 
it  is  not  recognized  so  much  through  an  analysis  of  its 
qualitative  or  intensive  characteristics  as  through  the 
attitude  into  which  it  throws  one.  A smooth  surface 
calls  out  a regular,  continuous  movement  and  a tension 
of  the  muscles  of  the  skin,  which  is  regular  and  contin- 
uous. Roughness  is  a succession  of  jarring,  unrelated 
impres.sions,  and  calls  out  an  irregular  and  conflicting 
series  of  re.spon.ses.  The  chief  effect  of  the  experience 
is  to  arou.se  a restless  feeling  of  irregularity,  and  this 
is  due,  not  merely  to  the  sen.sations,  but  also  to  the 
type  of  response  which  they  arouse. 

There  are  certain  cases  in  which  the  sensation  is, 
from  its  very  nature  and  because  of  its  general  relation 
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to  all  life,  agreeable  or  di.sagreeable.  Thus,  we  are 
unable  in  our  general  bodily  organizations  to  endure 
great  heat.  The  nervous  system  developed  in  a body, 
which  can  be  kept  alive  only  in  moderate  temperatures, 
is  so  organized  that  the  approach  of  certain  degrees 
of  heat  sets  up  a tendency  to  draw  the  body  away  from 
the  source  of  the  heat.  If,  for  any  reason,  this  natural 
tendency  is  impeded,  or  if  the  stimulation  is  so  strong 
that  it  calls  out  the  tendency  in  an  abnormally  inten.se 
degree  so  as  to  break  violently  in  on  the  course  of  or- 
dinary life  and  behavior,  the  semsory  .stimulus  will  give 
rise  to  an  experience  which  is  not.  merely  a sen.sation 
of  heat;  it  is  also  distinctly  disagreeable  in  character. 
It  is  not  an  adequate  explanation  of  this  di.sagreeable 
experience  to  say  that  the  stimulus  endangers  the  life 
of  the  tissues,  for  the  disagreeable  feeling  precedes  by  a 
long  range  the  actual  destruction  of  the  tissues.  The 
sensation  must  be  recognized  as  having  a functional 
value  determined  by  the  whole  organization  of  the  indi- 
vidual, and  this  functional  value  is  related  to  the  reac- 
tion side  of  the  individual’s  nature,  as  much  as  to  the 
receptive  side.  Indeed,  the  receptive  organs  may  be  in 
normal  functional  operation,  whale  the  reactive  organ- 
izations are  engaged  in  responding  to  the  stimulation 
with  violent  protective  movements.  The  character 
of  experience  will  depend,  in  such  cases,  not  on  the 
sensation  qualities  or  intensities  considered  as  isolated 
facts,  but  rather  on  the  natural  tendenc}"  toward 
reaction.  The  true  significance  of  protective  acti\’ities 
is  that  they  conflict  with  all  the  normal  tendencies  of 
behavior.  They  are  so  imperative  in  character  that 
they  conflict  with  every  other  mode  of  behavior  and 
disturb  all  other  forms  of  attention,  thus  giving  ex- 
perience that  particular  tone  winch  we  describe  as  a 
disagreeable  feeling. 

For  like  reasons,  sensations  from  the  abdominal 
organs  are  usually  designated  as  feelings.  Such  sensory 
processes  are  always  present  and  alwa3'^s  enter  into 
every  organization,  either  furnisliing  a favorable 
background  for  the  active  tendencies  of  the  moment 
or  conflicting  with  the  tendencies  aroused  in  response 


EXPERIENCE  AND  EXPRESSION  2U1 

to  the  demands  of  the  external  world.  In  either  case, 
there  is  the  closest  relation  between  activity  and 
the  persistent  sensory  impulses  which  come  to  us  from 
our  own  bodies.  The  case  is  even  clearer  when  these 
organic  processes  become  abnormal  and  especially 
intense;  they  are  then  sources  of  very  vivid  feeling 
attitudes.  They  dominate  experience,  not  merely  by 
their  intensity,  but  also  and  chiefly  by  the  effect  which 
they  produce  on  the  active  life  of  the  individual.  A 
man  with  a toothache  or  a dull  pain  in  his  abdomen 
cannot  pay  attention  to  anything  except  this  persist- 
ent impression,  which  challenges  constantly  his  efforts 
to  remove  the  irritation  and  mockingly  recurs  to  in- 
terfere with  every  form  of  activity  until  the  pain  shall 
be  removed. 

We  are  now  prepared  to  criticise  the  doctrine  some- 
times advanced,  that  the  simplest  and  most  primitive 
forms  of  experience  are  pure  feelings.  The  simplest 
forms  of  experience  are  probably  not  made  up  of  sharjih^ 
differentiated  contents.  The  various  sensory  qualities 
which  enter  into  these  primitive  experiences  are  prob- 
ably more  like  our  organic  sensations  than  like  our 
visual  and  auditory  sensations.  The  activities,  on 
the  other  hand,  by  which  one  of  the  lower  animals 
responds  to  its  vague  sensations,  are  often  very  defi- 
nite and  well  developed,  because  they  are  inherited 
as  complete  instincts.  A sensory  stimulus  cannot 
lead,  in  such  cases,  to  a clear  sensation,  because  the 
nervous  conditions  necessary  for  clear  sensation  are 
lacking.  If  the  animal  has  an  experience,  it  must  be 
predominantly  of  the  type  known  in  our  experience  as 
attitude.  We  may  assume,  accordingly,  that  expe- 
rience probably  develops  on  the  side  of  attitude  into 
clearly  marked  types  before  it  becomes  clearly  differ- 
entiated in  its  sensory  contents.  We  should  not  con- 
clude from  this  that  all  forms  of  feeling  are  to  be  looked 
for  in  primitive  experiences;  the  few  which  are  prob- 
ably pre.sent,  however,  give  consciousness  its  character. 
The  statements  made  regarding  consciousness  in  ani- 
mals may  be  repeated  with  reference  to  the  experience 
of  infants,  and  even  with  regard  to  certain  immature 
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experiences  in  adults.  An  infant’s  instinctive  modes  of 
respon.se  seem  to  develop  long  before  its  analysis  of 
sensations.  The  infant  shows  all  the  bodily  signs 
of  pleasure  or  pain  at  a peritxl  when  it  gives  no  signs 
of  ability  to  recognize  the  sources  of  its  pleasures  and 
pains.  Experience  at  such  a .stage  must  be  predomi- 
nantly made  up  of  attitudes  or  feelings.  In  similar 
fashion,  an  adult  spends  a whole  day  feeling  dejected 
or  happy  because  of  some  trivial  happening  in  the 
morning  which  is  utterly  forgotten  as  content  of 
thought,  but  was  sufficiently  decisive  in  character  to 
influence  the  active  tendencies  for  the  whole  day.  In 
some  such  sense  as  this,  it  is  doubtless  true  that  expe- 
rience has  well-defined  attitudes  or  feelings  before  it 
has  well-defined  sensations  and  percepts.  It  is  not 
true  that  experience  begins  v/ith  mere  feelings,  or  that 
it  is  ever  without  content  factors.  It  is  not  true  that 
feelings  are  at  first  substitutes  for  content  factors. 
Feelings  are  unique  phases  of  experience  which  depend 
for  their  character  upon  the  congruity  or  incongruit)'’ 
of  the  different  active  tendencies  of  any  given  moment; 
they  are  attitudes,  never  to  be  confused  with  contents. 

This  description  of  the  character  of  feeling  ma}'’  be 
made  clearer  by  noting  that,  while  attention  refers  to 
the  selective  aspect  of  organization,  feeling  refers  to 
the  relation  of  one  tendency  to  the  sum  total  of  active 
tendencies.  While  attention  ignores  for  the  moment 
those  phases  of  consciousness  which  lie  outside  the 
focus  of  experience,  the  term  feeling  gets  its  best 
illustration  in  those  cases  in  which  the  difficulty  or 
ease  of  providing  for  a given  mode  of  acti\’it}"  is  clearly 
marked,  because  the  central,  selected  tendency  is  favored 
or  opposed  by  all  the  tendencies  of  the  moment,  es- 
pecially those  which  lie  outside  the  focus  of  attention. 

Feeling  has  been  defined  as  the  subjective  side  of  con- 
sciousness in  contrast  to  sensations  which  are  the  ob- 
jective factors.  This  distinction  calls  attention  to  the 
fact  that  feelings  are  matters  of  purely  personal  organ- 
ization, while  sensations  are  never  fully  determined 
either  in  character  or  time  of  appearance  bj'  individual 
modes  of  organization.  Of  course,  sensations  and 
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feelings  are  both  phases  of  consciousness  and,  con- 
sequently, they  are  both  elements  of  subjective  life, 
but  the  feelings  are  recognized  as  dependent  on  the 
organization  and  habits  of  the  individual  to  a much 
greater  extent  than  are  the  sensations. 

Aesthetic  appreciation  is  a phase  of  experience  which 
is  made  up  largely  of  attitudes.  When  one  enjoys  the 
graceful  curve  of  a drawing  or  its  symmetry,  or  when 
he  is  delighted  with  rhythms,  his  experience  cannot 
be  explained  merely  by  referring  to  the  sensations 
involved. 

An  effort  has  been  made  by  certain  writers  on 
esthetics  to  explain  the  simpler  forms  of  aesthetic 
appreciation  by  the  sensations  which  enter  into  them. 
Thus,  it  has  been  said  that  curved  lines  are  more  agree- 
able than  irregular  lines,  because  the  natural  path  of  an 
eye  movement  is  a curve.  The  sensations  derived  from 
curved  lines  are  thus  supposed  to  agree  very  closely 
with  natural  tendencies  in  the  organ  of  sense.  Again, 
rhythm  is  more  agreeable  than  an  irregular  or  monoto- 
nous series  of  stimulations.  This  is  sometimes  explained 
as  due  to  the  natural  tendency  of  the  nervous  system  to 
exhibit  a succession  of  rhythmical  waves  of  activity 
and  relaxation. 

Photographic  records  of  eye  movements  seem  to  show 
that  the  natural  path  of  these  movements  is  not  a curve, 
but  a series  of  very  irregular  directions.  The  rhythms 
which  are  most  agreeable  do  not  coincide  with  the  rhyth- 
mical fluctuations  in  intensity  which  can  be  demon- 
strated in  nervous  action.  Indeed,  the  effort  to  give 
a simple  sensory  explanation  of  the  assthetic  feelings 
always  breaks  down.  The  true  explanation  invoh^es 
much  more  than  the  single  sensation;  it  involves  in 
every  ca.se  the  comparison  of  series  of  impressions  and 
the  a.ssumption  of  an  attitude  which  is  usually  connected 
with  .some  definite  form  of  bodily  reaction. 

Contra.st  the  series  of  impressions  which  go  to  make 
up  the  experience  of  a straight  line  with  the  series  of 
impre.ssions  which  go  to  make  up  the  experience  of  an 
irregular,  broken  line.  In  the  first  case,  there  is  a plan 
of  arrangement  which  can  easily  be  apprehended  and 
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can  be  followed  in  looking  along  the  regular  line.  The 
iri’egular  line,  on  the  other  hand,  is  a succession  of 
changes  calling  at  each  point  for  a readjustment  of  the 
observer’s  experience.  There  is  no  unity  in  the  broken 
line.  The  reason  why  the  straight  line  gives  satisfac- 
tion and  the  broken  line  does  not,  can  be  understood 
when  the  two  experiences  are  thus  contra.sted  with 
respect  to  their  unity  and  regularity.  The  line  which 
permits  a relatively  simple  mode  of  adjustment  in- 
volves no  internal  conflicts  and,  con.sequently,  is 
pleasurable,  while  the  irregularity  of  the  broken  line 
disturbs  the  whole  organized  behavior  of  the  indi- 
vidual and  results  in  a disagreeable  feeling  attitude. 

The  reason  why  a regular  curve  is  as  much  more 
agreeable  than  a straight  line,  as  a straight  line  is  more 
agreeable  than  a broken  line,  appears  when  we  consider 
that  a regular  curve  has  not  merely  unity  and  regu- 
larity, but  a certain  variety  which  makes  the  total 
experience  richer  in  character  than  does  the  rigid  uni- 
formity of  a straight  line.  It  is  difficult  to  express 
the  matter  in  terms  which  will  not  seem  tautologous, 
for  the  unity  and  variety  of  organized  experience  is 
at  once  a fact  of  experience  and  the  essence  of  its 
agreeable  character.  The  physiological  conditions  of 
both  the  organization  of  experience  and  its  feeling 
tone  are  the  same.  When  a group  of  sensations  issues 
into  a single  well-organized  channel  of  activit}^  and 
gathers  into  this  single  system  a great  variet}"  of  fac- 
tors, it  leads  to  a pleasurable  feeling. 

If  we  turn  to  the  more  complex  characteristics  of 
msthetical  figures,  such  as  their  balance  and  S3^mmetry, 
we  find  that  we  can  give  an  account  of  certain  activities 
which  are  related  to  the  feeling  tone.  Let  the  observer 
look  at  an  unsymmetrical  drawing,  such  as  that  shown 
in  Fig.  50.  The  long  horizontal  line  with  the  black 
figures  at  its  ends  is  not  well  supported  at  the  fulcrum 
given  in  the  figure.  The  feeling  of  lack  of  balance  in 
this  figure  is  directl}'-  related  to  an  active  tendenc}*  on 
the  part  of  the  observer  to  offer  his  support  to  the  line 
as  it  carries  the  larger  figure,  and  this  tendenc}’  to  action 
which  is  inspired  by  the  figures  is  accompanied  by  a 
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distinctly  disagreeable  experience,  because  it  is  con- 
tinually ineffective  in  producing  its  purpose.  Ex- 
amples of  the  feeling  of  pleasure  derived  from  har- 
monious complexes  can  bo  derived  from  the  study  of 
Greek  architectural  forms.  The  Greeks  recognized  the 
fact  that  a column  with  perfectly  straight  lines  is  not 
an  jesthetical  object.  Such  a column  always  seems  to 
be  weaker  in  the  center  than  at  the  extremities,  where 


Fig.  50.  The  two  black  spots  are  evidently  not  well  supported 
by  the  fulcrum  shown  in  the  figure.  There  is  a restless  feeling 
that  the  large  figure  should  be  supported  by  the  observer. 


there  are  larger  masses  of  matter.  There  is,  therefore, 
a feeling  of  unrest  inspired  in  the  observer  lest  the 
column  should  give  way  in  the  center,  where  the  tension 
is  great  and  the  material  relatively  reduced.  The 
Greeks,  accordingly,  made  their  columns  larger  in  the 
middle  than  at  the  extremities,  and  the  result  was  that 
the  observer,  seeing  the  reenforcement  at  the  critical 
part  of  the  column,  has  a feeling  of  sati.sfaction  rather 
than  of  unrest  in  looking  at  the  lines.  The  feeling  can- 
not be  explained  liy  saying  that  the  eye  moves  up  and 
down  the  edges  of  a beautiful  column  in  any  more 
natural  lines  than  it  would  if  the  edges  of  the  column 
were  perfectly  straight.  The  very  .slight  curve  in  the 
columns  would  not  produce  ea.sy  movements,  even  if 
if  were  true,  as  it  probably  is  not,  that  the  eyes  naturally 
move  in  curved  lines.  The  beauty  of  the  Greek  column, 
as  seen  by  an  observer,  can  be  explained  only  in  terms 
of  a general  active  sympathy  with  the  column  on  the 
part  of  the  observer.  The  term  sympathy  is  not  used 
here  as  a figure  of  speech.  There  is  a real  bodily  effort 
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involved  in  observing  a person  or  even  a column  lifting 
a weight.  The  tension  of  the  muscles  often  becomes 
so  intense  in  watching  another  person  at  work  that  the 
observer  becomes  conscious  of  the  ten.sion  as  a distinct 
fact  in  experience.  In  looking  at  inanimate  objects 
the  tension  is  not  so  great,  but  our  perception  of  the 
column  involves  an  active  sympathy  which  is  as 
important  in  determining  the  total  character  of  the 
mental  process  as  is  the  complex  of  sensory  impre.ssioxLs. 

The  presence  of  muscular  tensions  related  to  per- 
ception of  weight  can  be  demonstrated  in  certain  special 
cases.  If  one  prepares  two  blocks  of  exactly  the  same 
objective  weight  but  of  very  different  sizes,  so  that  one 
is,  for  example,  about  a foot  cube  and  the  other  three 
inches  cube,  the  observer  will  find  when  he  comes  to  lift 
these  two  blocks  that  the  smaller  block  seems  decidedly 
heavier  than  the  larger  one.  The  explanation  of  this 
fact  is  to  be  found  in  the  muscular  preparation  of  the 
observer  when  he  first  looks  at  the  two  blocks.  The 
visual  experience  from  the  small  block  leads  him  to 
prepare  to  do  a small  amount  of  work  in  lifting  it, 
while  the  visual  iniiDression  of  the  larger  block  is  rec- 
ognized in  terms  of  a totally  different  kind  of  mascular 
organization,  which  may  be  described  by  saying  that 
the  observer  prepares  to  do  more  work  in  lifting  the  large 
block  than  he  prepares  to  do  in  lifting  the  smaller  one. 
When,  with  these  differences  of  preparation,  the  ob- 
server lifts  the  two  blocks,  he  finds  that  his  preparation 
does  not  coincide  with  the  demands  forced  upon  him 
thi’ough  his  direct  contact  with  the  blocks.  There  is, 
therefore,  a sharp  disagreement  between  the  original 
percept  based  upon  vision  and  the  subsequent  expe- 
rience dependent  on  touch.  This  disagreement  ex- 
presses itself  in  the  form  of  an  illusion  with  regard  to 
weight.  This  illusion  is  not  due  to  sensations  merely, 
but  involves  certain  preparations  or  active  responses 
which  would  never  have  been  explicitl}’’  brought  to 
consciousness  if  the  elaborate  comparison  had  not  been 
undertaken.  There  can  be  no  doubt  that  whenever 
one  looks  at  a small  object,  he  prepares  to  lift  it.  The 
preparation  consists  in  an  incipient  act,  and  this  act 
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is  the  physiological  parallel  of  an  important  phase  of 
the  obsez’ver’s  mental  process  of  recognition. 

This  illusion  of  weight  and  similar  facts  from  prac- 
tical life  throw  much  light  on  the  nature  of  the  organ- 
ization which  was  referred  to  when  it  was  stated  in 
discussing  the  aesthetic  attitude  toward  a column,  that 
one  sympathizes  with  the  column  in  the  work  which 
it  does  in  supporting  the  materials  placed  upon  it. 
There  is  a certain  direct  perceptual  estimation  of 
the  fitness  of  the  column  to  do  its  work.  That  esti- 
mation does  not  express  itself  in  an  abstract  judgment; 
it  expresses  itself  immediately  in  the  muscular  tension 
which  is  aroused  in  the  observer  as  an  integral  part 
of  the  process  of  recognition.  If  the  column  is  in- 
adequate, the  observer  is  led  to  a strained  attitude  of 
assisting  the  column;  if  the  column  is  adequate  to  its 
task,  there  is  an  attitude  of  satisfied  recognition. 

When  we  turn  from  form  to  the  consideration  of 
rhythm,  we  find,  as  stated  above,  that  simple  explana- 
tions of  the  aesthetic  character  of  rhythms  have  been 
attempted  on  the  basis  of  the  fact  that  the  nervous 
system  functions  naturally  in  rhythmical  successions. 
It  has  been  shown  in  an  early  discussion  that  continu- 
ous change  in  nervous  processes  and  in  experience  is 
the  basis  for  the  recognition  of  time.  It  was  there 
pointed  out,  however,  that  the  mere  existence  of 
rhythmical  change  is  not  enough  to  account  for  the 
temporal  form  in  experience.  The  time  form  can  be  rec- 
ognized only  when  the  successive  factors  of  experience, 
which  are  slightly  different  from  each  other,  are  bound 
together  into  single  experiences  that  are  recognized 
as  referring  to  stable  objects,  in  sjoite  of  the  changes 
which  go  on  in  mental  life.  So  here,  the  mere  existence 
of  an  agreement  in  rhythmical  character  between  the 
stimulations  and  the  nervous  activities  which  receive 
the  stimulations,  is  not  an  adequate  explanation  of  the 
feeling  of  pleasure  which  is  usually  aroused  by  rhythms. 
We  must  find  some  different  reasons  why  a rhythmical 
succession  is  capable  of  giving,  not  merely  a series  of 
experiences,  but  a series  of  experiences  which  are  dis- 
tinctly agreeable. 
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In  seckinp;  an  adequiilc  explanation  of  the  pleasure 
aroused  by  rhythms,  it  should  Ite  noted,  in  the  first  place, 
th;it  not  all  successions  of  a rhythmical  character  are 
agreeable.  If  the  rhythm  is  too  slow  or  too  fast,  it 
may  become  an  extremely  monotonous  succession  or  a 
chaotic  succession  incajjable  of  aroasing  pleasure.  The 
rhythms  of  medium  rate,  which  are  agreeable,  are  un- 
questionably related  to  the  periods  of  certain  forms  of 
coordinated  bodily  activity.  For  example,  successions 
of  sounds  which  come  at  a rate  similar  to  that  at  which 
one  can  make  such  body  movements  as  are  used  in 
dancing,  are  extremely  agreeable.  Furthermore,  the 
general  rhythms  that  are  favorable  to  vocal  articula- 
tions are  agreeable,  while  those  which  are  too  fast  or 
too  slow  for  articulation  are  often  very  disagreeable. 
The  relation  here  pointed  out  is  not  to  the  rh3dhm  of 
nervous  discharges  into  the  muscles,  for  these  nervous 
discharges  are  far  more  rapid  than  the  gross  movements 
mentioned.  It  can  be  shown,  for  example,  that  the 
discharge  of  the  nervous  current  into  a muscle  is  at 
the  rate  of  from  ten  to  twenty  waves  of  discharge  in  a 
second.  A succession  of  sounds  coming  at  such  a rate 
would  be  much  too  rapid  to  be  regarded  as  agreeable. 
A much  more  favorable  rate  for  the  rhythm  is  one,  two, 
or  three  strokes  in  a second,  and  such  rates  of  rhythm 
are  comparable  to  the  rate  of  certain  bodily  activities. 
We  are  justified,  therefore,  in  saying  that  when  one  is 
able  to  respond  to  certain  sensations  by  movements, 
either  of  articulation  or  of  some  other  sort,  there  arises 
in  experience  a feeling  of  harmon}'^  between  the  demands 
of  the  stimulation  and  the  ability  to  meet  these  de- 
mands promptly.  The  feeling  of  harmony"  aroused  b}”^ 
a rhythm  depends,  therefore,  not  upon  the  fundamental 
rhythms  of  nervous  metabolism,  but  rather  upon  the 
relation  between  stimulation  and  response. 

When  we  turn  from  the  simpler  forms  of  aesthetic 
appreciation  of  symmetry  and  rhythm  to  the  more  com- 
plex forms,  such  as  are  involved  in  music  and  literature, 
the  problem  becomes  greatly  involved.  One  general 
principle  can,  however,  be  laid  down  — no  form  of 
appreciation  is  ever  determined  by  the  sensation  factors 
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considered  out  of  relation  to  each  other,  and  out  of 
relation  to  the  individual  who  is  impressed  by  the  sen- 
sations. Appreciation  is  a matter  of  relations ; fiction 
agrees  with  life ; a figure  of  speech  fits  the  mood  devel- 
oped in  the  reader.  In  all  these  cases  the  impression 
arouses  feelings  by  virtue  of  its  relations. 

A typical  example  of  the  difficulty  of  explaining  Attempts 
feelings  by  sensation  qualities  is  to  be  found  in  the  ma'detoTx- 
theories  which  have  been  advanced  to  explain  the  feel- 
ings  aroused  by  harmonies  and  discords  in  tonal  ex-  due  to 
perience.  When  certain  tones  are  given  together  or 
in  immediate  succession,  they  arouse  a composite  ex- 
perience  of  consonance  which  is  accompanied  by  a 
strong  feeling  of  pleasure.  Other  tones,  when  combined, 
give  a diametrically  opposite  feeling  and  a distinct 
experience  of  dissonance.  The  physical  character- 
istics of  consonant  and  dissonant  tones  can  be  described 
with  great  accuracy.  The  general  law  is  that  when  the 
rates  of  the  vibration  of  tones  are  related  in  simple 
ratios,  such  as  1 : 2,  2 : 3,  3 : 4,  4 : 5,  5 : 6,  3 : 5,  and  5 : 8, 
they  are  consonant  and  pleasing;  while  rates  of  vi- 
brations related  in  such  complex  ratios  as  15:16  are 
dissonant  and  unpleasant.  Frequent  attempts  have 
been  made  to  find  a corresponding  fact  of  sensory 
fusion  depending  upon  the  structure  of  the  organ  of 
sense.  Thus,  it  has  been  held  that  the  fibers  of  the 
basilar  membrane  are  set  in  vibration  by  any  given 
tone  in  such  a way,  that  not  only  the  fiber  corresponding 
directly  to  the  tone  is  set  in  vibration,  but  also  certain 
other  fibers  which  stand  in  a simple  ratio  to  the  funda- 
mental fiber.  This  series  of  related  vibrations  cor- 
responds, it  is  pointed  out,  to  the  external  physical 
fact  that  a resounding  wire  or  rod  gives  out  a funda- 
mental and  a series  of  overtones,  which  overtones  are 
related  to  the  fundamental  in  the  simple  ratios  1 : 2,  2 : 3, 
etc.  It  is  argued  that  such  a consonant  vibration  of  a 
number  of  fibers  in  the  ba.silar  membrane  furnishes  a 
physiological  basis  for  the  fusion  of  all  tones  which  stand 
related  in  simple  ratios,  and  it  has  even  been  asserted 
that  the  agreeable  character  of  the  consonance  is 
also  explained  by  this  fusion. 
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Such  it  sensory  explanation  ean  be  attacked  from 
many  different  sides.  In  the  first  place,  the  experience 
derived  from  tonal  harmonies  is  not  merely,  or  chiefly, 
one  of  fusion;  it  is  rather  an  experience  of  concord  or 
harmony  between  factors  which  can  be  distinguished 
as  sensory  qualities.  Again,  the  harmony  which  is  not 
a sensory  fact  at  all,  cannot  be  explained  in  terms  of 
the  action  of  the  organ  of  sense  except  on  the  a.ssump- 
tion  that  stimulations  of  the  sense  organ  produce  at 
times  sensations  of  tone,  and  again,  when  the  tones  come 
in  groups,  forms  of  consciousness  which  are  ver}'  dif- 
ferent from  sound.  As  an  illustration  of  the  extraor- 
dinary assumptions  to  which  some  psychologists  have 
felt  themselves  driven  in  attempting  to  explain  har- 
mony, it  may  be  mentioned  that  certain  writers  have 
held  that  the  mind  goes  through  a subconscious  enu- 
meration of  the  vibrations  of  each  tone,  and  then  derives 
its  experience  of  harmony  or  discord,  and  also  its  feeling 
of  pleasure  or  displeasure,  through  a comparison  of  the 
numbers  thus  obtained.  Such  references  to  subcon- 
scious processes  bring  only  confusion,  and  are  worse  than 
useless  in  the  discussion  of  experience. 

In  view  of  the  difficulties  encountered  in  the  formu- 
lation of  any  theory  of  tonal  feeling  based  upon  the 
quality  of  tonal  sensations,  Stumpf,  who  is  one  of  the 
leading  investigators  in  this  field,  has  expressed  the 
conclusion  that  there  are  certain  fundamental  unities 
of  nervous  activity  aroused  by  harmonious  groups  of 
tones,  which  fundamental  unities  he  frankly  admits 
he  is  not  able  to  explain. 

For  the  purposes  of  illustration,  we  might  leave  the 
matter  at  this  point,  depending  upon  our  earlier  dis- 
cussions of  the  relation  between  feeling  and  action  to 
suggest  the  probable  direction  in  which  the  solution 
of  the  problem  should  be  sought.  There  is  one  concrete 
suggestion,  however,  which  may  tend  to  strengthen  the 
general  explanation  of  feeling  which  has  been  reached 
in  earlier  paragraphs,  and  at  the  same  time  throw  light 
on  the  nature  of  the  agreeable  character  of  tonal  har- 
mony. There  can  be  no  question  that  the  abilitj’’  to 
produce  vocal  harmonies  through  muscular  activity 
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often  stands  in  the  closest  relation  to  the  ability  to 
appreciate  sound  harmonies.  That  there  will  be  a 
regular  law  of  relationship  between  the  vocal  activities 
which  produce  differences  in  pitch,  and  that  this  law 
will  be  closely  related  to  the  laws  of  physical  vibration 
in  the  tones  produced,  is,  from  the  nature  of  the  case, 
obvious  without  detailed  proof.  Again,  it  is  to  be 
recognized  that  the  history  of  harmony  shows  that  there 
has  been  a marked  development  of  the  range  of  ap- 
preciation of  complex  tonal  combinations  since  the 
time  of  the  Greeks,  while  there  is  no  evidence  of  a change 
in  the  ear  as  an  organ  of  sense,  but  much  evidence  that 
there  has  been  a development  in  the  ability  to  use  the 
vocal  cords  in  more  rapid  and  complex  coordinations. 
Such  suggestions  as  these  must  be  supplemented  by 
reference  to  the  other  general  activities  which  have 
been  found  to  be  of  importance  in  connection  with  the 
feeling  tone  of  colors  and  other  sensations.  The  full 
understanding  of  tonal  feeling  awaits  more  searching 
examination  of  the  organic  activities  of  the  circulatory 
and  general  muscular  system  which  are  aroused  by 
tonal  stimulations.  The  failure  of  the  effort  to  develop 
an  adequate  e.xplanation  of  tonal  feelings  by  studying 
tonal  sensations  supplies  the  strongest  incentives  to 
take  up  the  general  investigation  of  the  activities  con- 
nected with  tonal  experiences.  At  the  same  time,  the 
discussion  furnishes  a most  striking  illustration  of  the 
limitations  of  a psychology  which  deals  with  sensory 
factors  alone  and  neglects  functions,  especially  the 
functional  relations  of  sensations  to  activity. 

Such  an  account  of  feelings  as  the  foregoing,  which 
shows  that  feeling  and  the  active  attitudes  of  the  in- 
dividual are  inseparably  related,  gives  the  largest  range 
to  the  term  feeling,  while  at  the  same,  time  it  distin- 
guishes sharply  between  sensory  content  and  feeling 
attitudes.  It  also  shows  the  ground  of  the  intimate 
relations  between  feeling  and  attention  as  expressed 
in  the  term  interest.  Attention  is  a more  general  fact 
and  may  be  seen  in  cases  of  both  agreeable  and  dis- 
agreeable experience.  Since,  however,  attention  is 
present  in  high  degree  in  all  processes  of  reorganization 
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of  activities,  it  is  more  likely  to  be  intense  where  tlie 
feeling  of  displeasure  shows  that  certain  active  ten- 
dencies are  in  conflict,  and  there  is,  therefore,  a necessity 
of  reorganization. 

The  analysis  of  experience  which  has  been  worked  out 
in  the  last  two  chapters  is  distinctly  functional  in  type. 
There  is  a disposition  in  some  quarters  to  reduce  feeling 
and  attention,  and  the  other  phases  of  experience,  to 
elements,  and  to  regard  them  as  “structural”  rather 
than  “functional”  phases  of  experience.  Such  re- 
duction of  all  experience  to  a common  “structural” 
character  makes  it  very  difficult  to  find  any  physio- 
logical formulas  for  the  conditions  of  these  complex 
processes  of  arrangement,  and  sacrifices  the  complexity 
of  real  experience  in  the  interests  of  simplicity  and  uni- 
formity of  description.  The  character  of  feeling,  when 
it  is  recognized  as  a functional  fact,  may  be  more  difficult 
to  describe  in  ordinary  terminology  than  when  it  is 
called  an  ultimate  element  of  consciousness,  but  the 
more  complex  formula  will  be  more  in  keeping  with 
the  facts  and  will  furnish  a surer  basis  for  the  applica- 
tion of  psychology  to  the  other  sciences  of  man,  and 
to  the  practical  diagnosis  of  human  interests  and  forms 
of  conduct. 
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In  the  foregoing  chapters  reference  has  constantly 
been  made  to  the  nervous  organizations  of  an  individual 
as  important  conditions  of  his  experience.  No  effort 
has  been  made,  however,  to  account  for  the  origin  of 
the  various  types  of  organization  which  manifest  them- 
selves. The  present  chapter  will  be  devoted  to  the 
consideration  of  this  matter  of  origins.  There  are 
two  definite  sources  from  which  the  organizations  in  a 
given  individual  may  be  drawn.  The  first  is  heredity 
in  the  form  of  instinct,  the  second  is  individual  effort 
resulting  in  the  formation  of  habits. 

Every  individual  is  born  with  certain  main  outlines  of 
his  nervous  structure  provided  through  inheritance, 
exactly  as  the  other  structures  of  his  body  are  provided 
through  inheritance.  If  an  individual  has  arms  and  legs, 
he  will  also  have  the  nerve  fibers  to  connect  the  muscles 
of  these  extremities  with  the  spinal  cord.  The  structure 
of  the  sen.se  organs  is  also  provided  through  inheritance, 
and,  as  has  been  made  clear  in  earlier  discussions, 
there  is  little  or  no  change  in  the  character  of  these 
organs  of  sense  in  the  course  of  individual  experience. 
Inheritance,  however,  goes  even  further  than  to  provide 
these  main  structures.  The  central  organs  themselves 
are,  to  some  extent,  mapped  out  at  the  beginning  of 
individual  life.  The  result  of  this  central  organization 
is  that  at  the  time  of  birth  the  muscles  of  the  body  are 
not  merely  under  the  general  control  of  the  nervous 
system,  they  are  under  the  control  of  organized  centers 
which  are  able,  to  a certain  extent,  to  coordinate  the 
activities  of  different  parts  of  the  body. 

Coordinated  activities  of  the  muscles,  provided  for  in 
the  inherited  structure  of  the  nervous  system, are  called 
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instincts.  Good  illustrations  of  instincts  occur  in  the 
life  of  any  animal  and  in  the  early  life  of  human  infants. 
For  example,  if  a young  bird  hears  a loud  sound,  this 
sound  not  only  discharges  itself  through  the  nervous 
system,  but  because  of  the  internal  organization  of  the 
nervous  system,  the  sound  will  discharge  itself  in  a group 
of  coordinate  activities  which  result  in  that  form  of 
behavior  commonly  described  as  feigning  death.  The 
individual  bird  does  not  recognize  the  significance  or 
value  of  its  behavior,  at  least  the  first  time  it  executes 
it.  The  act  can,  therefore,  not  be  explained  as  due 
in  any  way  to  individual  intelligence.  Furthermore, 
it  appears  in  the  same  form  in  all  members  of  the  species. 
The  organization  which  controls  the  activity  has  been 
worked  out  in  the  course  of  the  experience  of  the  bird’s 
ancestors  as  a form  of  protective  movement  to  be  put 
into  operation  whenever  the  animal  is  threatened  by 
an  approaching  enemy.  To  say  that  the  young  bird 
which  performs  this  movement  is  cognizant  of  dan- 
ger and  assumes  an  appropriate  attitude,  would  be 
to  invert  the  true  relations  exhibited  in  the  situation. 
The  mode  of  behavior  is  immediate  and  depends  directl}^ 
upon  the  external  stimulation  plus  the  inherited  or- 
ganization. The  attitude  of  fear  is  just  as  much  de- 
termined through  heredity  as  is  the  ability  to  hear  the 
sound  through  the  ear  or  the  ability  to  respond  to  the 
sound  with  the  muscles  of  the  body.  The  only  dif- 
ference between  the  structures  of  the  ear  and  muscles 
and  the  central  nervous  structures  underljdng  the 
instinctive  organizations,  is  that  the  peripheral  organs 
are  conspicuous  and  generally  recognized,  whereas  the 
organization  in  the  central  nervous  system  is  inacces- 
sible except  through  the  indirect  e'vddences  of  activity. 

Other  typical  illustrations  of  organized  instinctive 
modes  of  behavior  may  be  drawn  from  a study  of  the 
human  infant.  One  of  the  most  fundamental  instincts 
of  the  infant  is  the  instinct  of  sucking.  Any  young 
mammal  responds  to  a small  object  placed  between  its 
lips  by  a complex  form  of  coordination  which  nature  has 
provided  as  the  only  possible  means  of  supporting  the 
animal’s  life  during  a period  when  individual  experience 
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is  not  sufficiently  mature  to  guide  the  animal  in  securing 
its  own  food.  The  form  of  consciousness  which  ac- 
companies this  instinctive  behavior  is,  of  course,  a 
matter  of  speculation,  but  it  seems  highly  probable  that 
the  experience  of  the  infant  is  not  at  all  developed  on 
the  content  side.  He  is  not  yet  in  a position  to  make 
any  analysis  of  his  impressions  or  to  formulate  any 
definite  percepts  which  may  guide  him  in  action.  His 
mental  horizon  must  be  limited  to  an  immediate  feeling 
of  response  to  the  mass  of  undifferentiated  sensations. 
Since  he  is  altogether  unable  to  decide  in  terms  of  his 
own  experience  what  he  ought  to  do,  the  approiDriate 
attitude  is  given  to  him  by  his  race  and  is  given  in  an 
unmistakable  form. 

It  is  highly  probable  that  the  foundations  of  many 
of  our  mental  attitudes  reach  back  to  instinctive  or- 
ganizations. The  arrangement  of  experiences  in  space, 
wliile  it  is  not  worked  out  in  any  definite  form  at  the 
beginning  of  life,  is,  nevertheless,  partially  provided  for 
in  certain  of  the  mechanical  organizations  which  we 
inherit;  such,  for  example,  as  the  tendency  to  move 
the  eyes  so  that  all  bright  images  shall  fall  on  the  foveas. 
Furthermore,  as  was  pointed  out  in  the  discussion  of 
feelings,  there  are  certain  stimuli  which  excite  activities 
that  so  agree  or  conflict  with  natural  tendencies  as  to 
determine  many  natural  pleasures  and  displeasures. 

In  treating  of  human  instincts  the  matter  is  some- 
what complicated  by  the  fact  that  a great  many  in- 
stincts are  present  only  in  incipient  forms  at  the  be- 
ginning of  life  and  are  fully  matured  at  a relatively 
late  period.  A good  illustration  of  such  a delayed 
instinct  is  found  in  the  tendency  of  the  young  child 
to  walk.  That  this  tendency  is  inherited  is  shown 
by  the  fact  that  it  will  mature,  even  if  there  is  little 
or  no  individual  practice.  The  common  development 
of  the  young  child  is  a mixture  of  maturing  instincts 
and  ambitious  efforts  on  the  part  of  the  child  himself 
and  of  those  surrounding  him  to  hasten  the  develop- 
ment which  would  naturally  come,  even  if  no  exertions 
were  made  in  that  direction.  Certain  interesting  cases 
are  on  record  which  show  that  children,  who  for  one 
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reason  or  another  had  never  made  any  individual  effort 
to  mature  this  mode  of  activity,  suddenly  exhibited 
it  under  suitable  conditions  in  a fully  developed  form. 
Young  animals  have  frequently  been  experimented  upon 
in  a way  to  show  that  their  modes  of  locomotion  are 
wholly  instinctive,  even  though  locomotion  develops  only 
at  a relatively  late  period  in  life.  Thus  young  birds, 
which  have  been  incubated  in  isolation  and  have  been 
caged  until  they  reached  full  maturity,  will  fly  with  the 
natural  mode  of  flight  of  their  species  as  soon  as  they 
are  liberated. 

If  there  are  instinctive  modes  of  behavior  which 
develop  somewhat  slowly  during  the  early  j^ears  of  life, 
it  will  obviously  be  impossible  to  draw  a line  and  .say  that 
every  form  of  activity  which  matures  after  a certain 
period  is  independent  of  direct  hereditary  organizations. 
It  is  equally  impossible  to  say  that  the  inherited  tracts 
in  the  nervous  system  are  in  no  wise  modified  in  the 
course  of  individual  experience.  Indeed,  it  is  always 
true  that  on  the  foundation  of  inherited  coordinations 
there  is  built  up  a system  of  refinements  and  modi- 
fications, which  constitute  the  characteristic  mark  of 
the  individual. 

Instincts  are  sometimes  simplified  in  the  course  of  use ; 
at  other  times  they  are  united  into  larger  systems  of 
action,  or  are  broken  up  into  their  elements  and  re- 
combined into  new  types  of  composite  acti\dty.  We 
turn,  then,  to  the  consideration  of  those  processes 
of  activity  which  are  related  to  instincts  merely  as 
outgrowths  and  may,  therefore,  be  treated  as  the  prod- 
ucts of  individual  experience.  Those  modes  of  be- 
havior which  depend  upon  individual  experience  are 
called  habits.  In  order  to  make  clear  the  relation  of 
habit  to  instinct,  it  should  be  pointed  out  that  not  all 
habits  grow  out  of  instincts.  For  the  purposes  of  our 
discussion,  two  classes  of  habits  may  be  distinguished. 
First,  there  are  habits  which  develop  out  of  instincts. 
Second,  there  are  habits  which  develop  by  a process 
of  selection  from  among  the  diffuse  activities  winch 
appear  whenever  there  is  no  definite  mode  of  instinctive 
behavior  which  serves  as  a foundation  for  development. 
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We  may  refer  to  these  two  types  of  habits  as  habits 
developed  from  instincts,  and  habits  developed  from 
diffusion. 

An  illustration  of  a habit  developed  from  instincts  is 
found  in  the  case  in  which  a child  develops  a certain 
definite  attitude  toward  certain  animals.  This  at- 
titude of  the  child  can  in  many  cases  be  shown  to  have 
originated  out  of  a conflict  between  two  tendencies. 
There  are  two  fundamental  instinctive  tendencies  in 
every  child,  indeed  in  every  young  animal.  It  tends, 
on  the  one  hand,  to  run  away  from  any  strange  or  un- 
usually intense  stimulation.  A large  object  moving 
toward  the  e}'’es,  a loud  sound  attacking  the  auditory 
organs,  or  a strange  odor  or  taste,  will  stir  up  in  a young 
animal  a mode  of  action  of  the  protective  type.  There 
is,  on  the  other  hand,  among  all  of  the  higher  animals, 
an  instinct  toward  contact  with  members  of  the  same 
species  and  with  related  forms  of  animal  life.  Thus, 
young  birds  naturally  tend  to  keep  close  to  any  mem- 
ber of  their  species,  and  to  other  objects  which  are 
in  any  way  similar  to  members  of  their  own  species. 
So  also  do  young  mammals.  Young  puppies  and  young 
kittens  are  extremely  fond  of  companionship,  and 
even  certain  of  the  more  solitary  animals  naturally 
herd  in  packs  or  in  small  groups,  especially  when  young. 
The  human  infant  exhibits  both  of  the  two  fundamental 
instinctive  tendencies  which  have  just  been  described. 
When,  accordingly,  the  child  is  for  the  first  time  con- 
fronted by  an  animal,  its  reaction  may  be  one  of  with- 
drawal or  one  of  friendly  contact.  Which  of  the  two 
natural  tendencies  is  actually  selected  will  depend  upon 
a variety  of  circumstances.  If  the  instinct  of  flight 
or  protective  activity  is  strong,  either  because  the  in- 
dividual child  is  disposed  to  react  in  this  way  more 
emphatically  than  in  the  direction  of  social  contact, 
or  if  the  instinct  of  protection  is  rendered  espe- 
cially pronounced  by  some  accident  of  excessive  ex- 
ternal stimulation  at  the  particular  moment,  then  the 
instinct  of  fear  will  dominate,  and  the  social  instinct 
will  be  .suppressed.  In  such  a case,  the  specialized 
habit  will  begin  to  form  in  the  general  direction  of  fear. 
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Sometimes  the  attitude  is  so  thoroughly  determined  by 
the  first  contact  with  the  animal  that  all  through  life 
the  individual  tends  to  follow  the  initial  impulse  re- 
ceived at  the  first  experience.  There  are  persons  who 
have  a very  strong  attitude  of  fear  for  cats  and  dogs, 
which  attitude  has  become  a fixed  individual  habit  after 
being  selected  from  among  the  various  po.ssible  instinc- 
tive modes  of  response  which  existed  through  inherit- 
ance at  the  beginning  of  life. 

The  nervous  mechanism  involved  in  a habit  which 
has  resulted  from  selection  among  in.stincts  is  relatively 
easy  to  explain.  We  need  only  to  a.s.sume  that  the 
stimulation  which  is  given  at  the  first  experience  has 
two  theoretically  possible  lines  of  discharge,  either  one 
of  which  would  be  through  a well-defined  instinctive 
tract.  The  conditions  of  the  first  encounter  carry  the 
stimulation  in  question  into  one  of  the  two  instinctive 
channels  and  thereafter  this  selected  channel  becomes 
the  natural  and  easy  path  of  discharge  for  the  stimulus 
whenever  it  recurs.  The  habit  is,  aecordingl}'-,  de- 
pendent upon  individual  experience  only  in  the  one 
phase  which  is  described  by  saying  that  the  stimulus 
is  directed  into  one  path  rather  than  the  other.  The 
individual  does  not  in  such  cases  cultivate  a new  t5q)e 
of  attitude ; he  simply  applies  to  the  particular  situa- 
tion in  hand  an  attitude  wliich  is  already  present  in 
his  nature. 

A second  somewhat  different  type  of  derivation  of 
habit  from  instinct  is  found  in  cases  in  winch  the  final 
mode  of  activity  is  not  along  the  line  of  anj"  single 
instinct,  but  is  a compromise  in  which  one  instinct 
is  modified  by  conflict  with  other  instinctive  tendencies. 
Suppose,  for  example,  that  the  human  infant  who 
naturally  tends  to  be  afraid  of  an  animal,  is  encouraged 
by  circumstances  to  assume  a friendly  attitude  toward 
the  animal  of  which  he  is  naturally  afraid.  His  at- 
titude and  mode  of  reaction  may  be  modified  to  a greater 
or  less  extent,  so  that  instead  of  expressing  the  full 
tendency  of  his  instinct  to  run  away,  he  may  have 
merely  a suppressed  internal  recoil  from  the  animal, 
wliile  all  of  his  grosser  protective  movements  are  modi- 


INSTINCT  AND  HABIT 


219 


fied.  jNIany  of  the  human  instincts  are  probably  thus 
somewhat  reduced  in  intensity  and  in  their  form  of  ex- 
pression. Darwin  argued  at  length  that  the  expression 
of  human  and  animal  emotions  are  in  many  cases 
simply  reduced  instinctive  forms  of  behavior.  Many 
of  the  facial  expressions  in  human  beings  are,  according 
to  his  view,  remains  of  early  forms  of  activity  in  the 
jaw  and  mouth  muscles,  which  once  accompanied  real 
combat.  The  changes  in  circulation  and  respiration 
which  come  with  fear  and  embarrassment  are  to  be 
regarded  as  partial  expressions  of  certain  fundamental 
instincts.  For  example,  when  we  are  frightened  there 
is  for  an  instant  a pause  in  all  the  internal  activities 
preparatory  to  the  violent  activities  necessary  to  flight 
and  after  this  first  pause  there  comes  a violent  beat- 
ing of  the  heart  which  originally  accompanied  flight, 
when  in  mature  life  one  refuses  to  indulge  in  flight,  he 
may,  nevertheless,  have  all  the  internal  activities.  Such 
examples  as  these  tend  to  emphasize  heredity.  The 
individual  is  seen  to  begin  life  with  a large  stock  of 
possible  habits  and  instinctive  attitudes.  His  final 
attitudes  are  determined  in  kind  and  degree  by  the 
circumstances  of  individual  life,  but  the  great  major- 
ity of  the  fundamental  iDossibilities  in  human  nature 
are  given  at  the  beginning  of  life.  We  may  say,  there- 
fore, that  an  individual  is  born  with  a large  stock  of  at- 
titudes quite  as  much  as  with  a large  supply  of  organs 
of  sense  and  forms  of  possible  sensory  experience.  The 
inherited  attitudes  are  not  specific  in  their  applica- 
tion until  after  individual  experience  has  worked  out 
the  application,  but  they  are  native  and  explicable  only 
in  terms  that  recognize  their  fundamentally  hereditary 
character. 

Turning  now  from  the  habits  which  are  developed 
through  the  selection  and  modification  of  instincts, 
we  come  to  the  liabits  which  cannot  properly  be  tracecl 
to  any  single  instinct  or  group  of  instincts.  Let  us 
suppose  that  a stimulus  or  a combination  of  stimula- 
tions is  introduced  into  the  nervous  system  of  the  child, 
but  finds  no  specific  channel  of  discharge  open  to  it 
through  inherited  organization.  This  stimulation  will 
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produce  an  excitation  which  will  be  very  widely  dis- 
tributed tliroughout  the  whole  nervous  system,  because 
it  has  no  specific  channel  of  discharge  and  because,  as 
free  energy,  it  must  be  transmitted  through  the  nerv- 
ous system  until  it  finds  a discharge  into  the  active 
organs.  The  stimulation  will,  ultimately,  issue  through 
the  avenues  of  motor  discharge  into  the  active 
organs  of  the  body,  but  instead  of  issuing  in  a well- 
coordinated  series,  it  will  be  distributed  diffu.sely  and 
irregularly  and  will  affect  a great  number  of  muscles. 
An  example  of  the  diffuse  distribution  of  stimulation 
in  mature  life  is  seen  when  one  is  suddenly  startled  by 
an  unexpected  loud  noise,  and  there  follows  a general 
contraction  of  the  muscles  throughout  the  whole  body. 
Such  a strong  stimulus  breaks  over  all  of  the  bounds  of 
organization  in  the  central  nervous  S3^stem  and  is  dis- 
tributed diffusely  throughout  the  bod3^  A diffu.se  dis- 
tribution of  the  stimulation  is  clearly  a disadvantage 
to  the  individual.  The  state  of  the  organism  after 
the  stimulation  is  such  that  the  individual  is  not  well 
adapted  to  his  environment,  his  activities  are  not  con- 
centrated in  any  single  direction,  and  he  is  altogether 
unprepared  to  meet  the  future  demands  which  the 
stimulation  may  impose  upon  him.  Furthermore,  it 
can  easily  be  observed  that  the  mental  attitude  which 
accompanies  such  diffuse  activity  is  quite  as  unorgan- 
ized as  the  bodily  attitude,  and  this,  also,  is  an  intoler- 
able condition  for  any  individual.  The  process  of 
modifying  such  a diffuse  reaction,  of  developing  definite 
and  precise  attitudes  on  the  mental  ■ side,  and  well- 
coordinated  movements  on  the  physical  side,  is  a long, 
complex  process,  carried  out  b}'^  the  organism  and  by 
consciousness  with  the  delays  and  complications  which 
appear  in  every  process  of  natural  development. 

If  we  take  a form  of  activit}'’  which  has  little  or  no 
instinctive  background,  such  as  the  activit}^  involved  in 
writing,  and  observe  the  early  stages  of  the  effort  to 
develop  this  type  of  activity  into  a habit,  we  shall  be 
able  to  observe  the  characteristics  of  a diffuse  actiHt}’. 
It  will  be  found,  first,  that  movement  is  excessive  both 
in  extent  and  intensity.  The  child  who  is  learning  to 
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write  moves  not  only  the  necesscary  muscles  of  the 
fingers  and  hand  directly  engaged  in  writing,  but  the 
muscles  of  the  other  hand  as  well.  He  also  moves  the 
muscles  of  the  face.  The  diffusion  of  the  excitation 
throughout  the  whole  organism  is  one  of  the  most 
obvious  facts  to  be  observed  in  such  a case.  In 
the  second  place,  the  elements  of  movement  which 
are  present  are  not  coordinated  into  harmonious 
wholes.  The  various  muscular  contractions  involved 
in  the  earliest  attempts  at  writing  seldom  enter  into 
such  relations  that  there  is  economy  in  their  several 
activities.  This  will  be  apparent  if  one  observes 
the  way  in  which  the  fingers  and  the  hand  act  during 
the  child’s  formation  of  series  of  letters.  There  must 
always  be  a movement  of  the  hand  during  writing 
to  carry  the  fingers  across  the  page.  In  the  child’s 
writing,  the  fingers  are  used  as  long  as  they  can  be 
used  without  any  cooperating  hand  movement.  The 
hand  is  brought  into  play  only  after  the  fingers  have 
become  so  cramped  that  they  can  no  longer  make  lines. 
When  this  cramping  of  the  fingers  reaches  such  a point 
that  it  can  go  no  farther,  the  finger  movement  is  al- 
together suspended  for  a moment  and  the  hand  is 
moved  forward  in  a distinct  and  relatively  separate  act. 
The  writing  then  proceeds  as  before,  the  fingers  being 
used  quite  to  the  exclusion  of  the  hand.  This  obvious 
lack  of  combined  activity  of  the  hand  and  fingers  il- 
lustrates a general  fact  which  is  also  exhibited  by  the 
incoordination  of  the  learner’s  several  fingers  in  relation 
to  one  another.  The  thumb  and  first  finger  do  not  at 
the  outset  cooperate  with  each  other  in  the  harmonious 
way  in  which  they  should.  For  example,  at  the  be- 
ginning of  an  upward  stroke,  as  in  the  written  letter  I, 
the  first  finger  presses  downward  against  the  pencil  or 
pen  more  vigorously  than  is  necessary  and,  as  a result, 
the  thumb  is  called  upon  to  do  an  excess  of  work  in 
order  to  overcome  the  unnecessary  downward  pressure 
of  the  first  finger.  There  is  thus  a lack  of  harmony 
and  even  a certain  degree  of  interference  in  the  organs 
which  are  directly  involved  in  the  activity.  The  ex- 
planation of  diffusion  and  incoordination  at  the  be- 
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ginning  of  development  is  similar  to  the  explanation 
of  the  general  rliffusittn  of  the  activity  throughout 
the  whole  muscular  system  in  the  case  of  a sudden  loud 
noise.  In  both  ca.ses,  the  nervous  impulses  which 
excite  the  muscles  do  not  follow  definite  channels. 
In  the  case  now  under  consideration  the  channels, 
arc  not  yet  developed,  while  in  the  case  of  the  loud 
sound  they  are  not  able  to  confine  the  strong  discharge 
to  definite  paths. 

The  third  characteristic  of  an  undeveloped  movement 
is  one  which  is  closely  related  to  its  incoordination,  and 
consists  in  the  fact  that  the  various  pha.ses  of  movement 
are  all  of  brief  duration,  not  being  united  with  each 
other  into  a continuous  series.  If  one  examines  the 
writing  of  a child,  he  finds  that  the  lines,  instead  of 
being  continuous,  fluent  lines,  are  made  up  of  short, 
irregular  parts.  The  direction  of  the  movement  in 
these  short,  irregular  jjarts  is  very  frequently  away  from 
the  general  direction  which  the  movement  should  follow. 
We  may  say  that  the  line  is  a succession  of  efforts  to 
produce  the  line  rather  than  a sequence  of  coordinated 
muscular  contractions  appropriate  to  the  general 
movement.  When  the  movement  develops,  as  it 
does  after  practice,  the  different  elements  are  bound 
together  in  such  a way  that  their  sequence  cannot  be 
detected;  they  are  no  longer  separate  factors.  The 
adult  who  begins  to  write  the  letter  I does  not  make 
a series  of  separate  movements  as  the  pencil  is  carried 
along  the  upward  stroke.  He  does,  however,  make 
a series  of  muscular  contractions.  The  transition  from 
the  irregular  succession  of  separate  movements  to  a 
series  of  contractions  constituting  phases  of  a single 
complex  activity,  which  however  is  thoroughly  unified, 
is  provided  for  by  the  coupling  together  of  a series 
of  nervous  tracts  which  provide  for  the  proper  temporal 
distribution  of  the  motor  excitation. 

It  is  clear  from  the  foregoing  studj'^  of  the  character- 
istics of  an  undeveloped  activity  that  nature  approaches 
this  problem  of  development  in  the  same  wa)-  in  which 
all  the  problems  of  development  are  approached; 
namely,  through  excessive  productions  and  selection 


INSTINCT  AND  HAiUT 


223 


of  the  proper  elements.  Since  the  child  does  not  have 
the  jiroper  nervous  orf^anization  to  control  his  move- 
ments, nature  has  provided  that  he  shall  make  a super- 
abundance of  movements  involving  all  of  the  different 
parts  of  the  body,  even  those  which  are  not  directly 
concerned  in  the  final  activity.  If,  in  this  excess  of 
movement,  certain  factors  accomplish  the  end  toward 
which  the  individual  is  working,  these  successful  con- 
stituents of  movement  will  gradually  be  emphasized 
and  the  unsuccessful  constituents  will  gradually  be 
eliminated,  until  finally  diffusion  gives  way  to  a limited 
number  of  precise  and  well-defined  combinations  of 
activity.  If  the  selected  factors  are  repeated  together 
a sufficient  number  of  times,  the  nervous  activities 
involved  in  each  particular  phase  of  the  movement 
gradually  become  connected  with  each  other.  This 
uniting  of  the  nervous  processes  and  structures  when 
repetition  of  the  activity  takes  place,  is  due  to  the  fact 
that  the  central  nervous  system  cannot  become  active 
in  one  of  its  centers  without  involving  to  a greater  or 
less  extent  sympathetic  relations  with  all  of  the  other 
centers  which  are  in  action  either  at  the  same  time 
or  immediately  before  and  after. 

The  two  fundamental  principles  of  nervous  develop- 
ment important  for  the  explanation  of  halnt  are,  ac- 
cordingly, these.  First,  there  is  a tendency  for  all 
parts  of  the  nervous  system  which  are  active  at  the 
same  time  to  become  related  to  one  another  in  their 
activity;  and,  second,  there  is  always  a process  of 
selection  going  forward  by  which  those  combinations 
which  atDiin  the  end  toward  which  the  individual 
is  working  are  preserved  and  the  others  are  eliminated. 
The  first  of  these  two  principles  is  not  difficult  to  under- 
stand when  the  close  structural  and  functional  inter- 
relation of  the  various  parts  of  the  nervous  system 
is  recalled.  The  second  principle  is  much  more  difficult 
to  explain.  This  principle  may  be  restated  in  the  fol- 
lowing terms : If  an  animal  goes  through  a certain  mode 
of  activity  and  derives  advantage  from  the  success 
which  attends  this  performance,  it  is  likely  to  repeat 
the  activity;  whereas,  if  the  activity  does  not  attain 
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SUCCC.SS,  the  animal  will  not  repeat  it.  The  disposition 
of  the  ordinary  man  in  oh.serving  such  a case  as  this 
is  to  say  that  the  mind,  observing  the  success  or  lack 
of  success  of  the  movement,  decides  in  favor  of  a mode 
of  action  or  decides  to  abandon  it.  There  are  many 
cases,  however,  which  are  not  su.sceptible  of  this  ex- 
planation of  intelligent  choice.  For  example,  animals 
have  been  observed  under  experimental  conditions, 
and  their  modes  of  developing  habits  have  been  care- 
fully recorded.  Thus,  cats  were  put  into  boxes  which 
could  be  opened  by  sliding  a simple  bolt,  or  by  pulling 
a string,  or  by  various  comlnnations  of  these  devices. 
Outside  of  the  box  was  placed  food  or  other  attractive 
inducement  which  tended  to  prompt  the  animal  to 
execute  the  necessary  movements  to  effect  its  escape. 
The  animal  showed  at  first  under  the.se  circumstances 
all  the  characteristics  of  diffu.se  behavior,  moving  rest- 
lessly about  the  cage  and  clawing  aimlessly  at  ever}-- 
thing  it  could  reach.  Finally,  by  sheer  good  fortune, 
it  hit  upon  the  particular  kind  of  activity  which  freed 
it  from  captivity  and  put  it  in  possession  of  the  food. 
After  the  animal  succeeded  once  in  making  the  suc- 
cessful movement,  it  was  again  confined  in  the  box  and 
was  induced  to  repeat  the  act.  The  time  required  for 
the  second  escape  was  shorter,  and  }^et  in  this  second 
case  the  animal  did  not  go  about  the  act  in  any  in- 
telligent way.  It  merely  exhibited  less  diffuseness. 
The  reduction  of  diffuseness  was  undoubtedly  condi- 
tioned in  the  nervous  system  by  the  development  of 
more  definite  lines  of  discharge. 

The  pleasure  which  an  animal  or  a human  being 
enjoys  on  attaining  what  is  called  success  in  any  given 
enterjDi'ise  must  be  related  in  some  way  to  the  organ- 
ization which  we  have  been  discussing.  If  the  animal 
is  constantly  receiving  from  food  placed  before  it  the 
sensory  stimulations  which  incite  it  to  activity,  it 
will,  because  of  its  instinctive  tendencies  of  response  to 
the  food,  be  induced  to  make  the  effort  necessar}'  to 
secure  the  food.  If  the  box  is  continuall}’’  in  the  way 
of  its  accomplishing  the  instinctive  action  appropriate 
to  the  stimulus,  it  will  experience,  for  reasons  which 
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were  pointed  out  in  earlier  discussions,  a marked  dis- 
agreeable feeling.  When,  now,  by  any  chance  activity 
on  the  part  of  the  animal,  the  obstructions  are  removed 
and  the  instinctive  tendencies  to  take  food  are  allowed 
free  play,  the  animal  derives  pleasure  from  the  con- 
summation of  its  instinctive  tendencies.  The  stim- 
ulation has  been  discharged  through  the  instinctive 
channel  by  first  passing  through  the  channels  which  led 
to  the  activities  which  made  the  instinctive  movements 
possible.  Thus  it  is  that  the  movements  which  im- 
mediately preceded  the  instinctive  acts  are,  by  the 
natural  process  of  nervous  organization,  coupled  with 
the  instinctive  activities  into  a single  whole.  This 
total  combination,  accordingly,  becomes  an  harmo- 
nious and  continuous  form  of  behavior  on  the  first  prin- 
ciple stated;  namely,  the  principle  of  fusion  of  simul- 
taneous or  immediately  successive  processes. 

It  is  too  abbreviated  a form  of  statement  to  say  in 
this  case  that  the  pleasure  of  success  leads  the  mind  to 
select  the  appropriate  activity;  the  fact  is  rather  that 
the  pleasure  comes  because  the  selection  has  been  suc- 
cessfully made  in  a natural  way.  When  we  understand 
this  more  elaborate  formula,  we  can  apply  it  to  many 
cases.  Thus,  the  child’s  pleasure  in  successfully  forming 
a letter  is  not  in  essence  different  from  the  animal’s 
pleasure  in  securing  food.  The  child  does  not  begin 
to  write  until  there  is  a strong  tendency  toward  activity 
aroused  in  him  by  the  sight  of  external  examples  and 
models,  or  by  the  less  direct  desire  to  escape  punish- 
ment. When  he  finds  his  activities  attaining  only  in  a 
measurable  degree  the  ends  toward  which  his  models 
and  examples  attract  him,  he  feels  a displeasure  which 
comes  from  a comparison  of  his  own  products  with  the 
patterns  set  for  him.  When,  on  the  other  hand,  his 
movements  attain  the  end  desired,  there  is  pleasure. 
The  pleasure  is  not,  as  some  have  believed,  the  selective 
factor.  The  pleasure  is  an  incident  to  the  total  process 
of  adaptation.  The  selection  can  be  explained  only 
when  it  is  recognized  that  movement  is  always  an 
adjustment  to  some  exciting  stimulation,  and  is  suc- 
cessful only  when  that  exciting  stimulation  has  been 
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met  in  a way  which  is  natural  and  compatible  with 
the  total  organization  of  the  individual. 

A further  examination  of  certain  negative  facts 
which  appear  in  the  development  of  writing  will  make 
clearer  the  nature  of  the  selective  process  by  which 
habits  are  organized.  Just  as  soon  as  the  child’s 
attention  in  writing  is  turned  away  from  his  models 
and  from  the  social  motives  which  tend  to  incite  him 
to  greater  effort  toward  the  perfection  of  form,  he 
ceases  to  select  movements  which  are  more  advanta- 
geous for  the  construction  of  legible  letters.  He  now 
uses  writing  for  more  remote  purposes  and  leaves  the 
organized  activity  in  the  form  in  which  it  was  W'hen 
his  attention  turned  to  broader  considerations ; or,  at 
most,  he  merely  allows  easier  and  more  rapid  forms  to 
creep  in  without  reference  to  the  effects  on  the  legi- 
bility of  his  writing. 

It  can  easily  be  shown  that  there  are  many  unor- 
ganized and  diffuse  phrases  in  adult  writing,  which 
result  from  the  fact  that  most  persons  are  no  longer  in  a 
critical  attitude  toward  their  own  activities.  Man}- 
persons  show  that  their  motor  organization  is  diffuse 
by  moving  the  head  unnecessaril}^,  or  by  contorting 
the  face  in  sympathy  with  the  writing  activit}'.  Many 
adults  are  diffuse  in  excessive  pressure  upon  the  paper 
on  which  they  write.  Such  excessive  pressure  against 
the  writing  surface  has  not  been  fully  eliminated,  because 
the  individual  has  never  been  driven  by  obviously  un- 
favorable consequences  in  his  writing  to  see  that  ex- 
cessive pressure  is  an  unsuccessful  part  of  the  move- 
ment. Again,  when  attention  is  given  to  the  relation 
between  hand  and  finger  movements,  incoordinations 
will  be  observed.  Not  more  than  ten  out  of  every 
hundred  writers  are  able  to  adjust  the  hand  so  as  to 
secure  a fairly  uniform  slope  of  the  letters  in  all  parts 
of  the  page.  The  positions  of  the  hand  at  the  begin- 
ning of  the  line  of  writing  and  at  the  end  of  the  line 
of  writing  determine  the  differences  in  slope  of  the 
letters  in  these  parts  of  the  line,  and  the  tendenc}^  to 
irregularity  can  be  largely  eliminated  bj'^  a rotation 
of  the  hand  as  it  crosses  the  page.  This  rotation  is 
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very  frequently  uncultivated  and  irregular,  and,  as  a 
result,  other  hand  movements  have  to  be  injected  into 
the  series  of  activities  in  order  to  correct  the  uneven 
slopes,  making  the  total  movement  of  the  hand  un- 
necessarily clumsy  and  uneconomical.  These  crudities 
which  remain  in  adult  writing  show  very  clearly  that 
the  development  of  habits  must  always  have  some 
definite  cause.  Selection  of  movements  is  a positive 
process.  When  the  child  shows  a tendency  to  select 
and  improve  in  writing  movements,  while  the  adult 
accepts  as  finished  a form  of  behavior  which  shows 
lack  of  complete  development,  the  explanation  of  these 
facts  can  be  found  in  the  strong  motives  for  develop- 
ment in  the  early  stages  of  life  and  the  absence  of  these 
motives  later. 

From  this  discussion  of  the  development  of  habits, 
we  turn  to  certain  practical  principles  of  organization. 
When  an  organization  has  become  thoroughly  estab- 
lished, either  because  it  is  a native  instinct,  or  through 
the  selection  of  instincts  on  the  ground  of  personal  ex- 
perience, or  through  the  development  of  a habit  from 
diffusion,  there  is  a strong  tendency  for  the  developed 
activity  to  be  used  by  the  individual.  The  tendency 
to  repeat  organized  modes  of  activity  shows  itself  in 
a great  variety  of  ways.  There  is,  perhaps,  no  better 
illustration  of  this  fact  than  the  play  activities  of 
children.  Such  activities  are  due  at  first  to  natural 
instincts,  and  later  in  life  to  the  tendency  of  an  indi- 
vidual to  repeat  the  activities  which  he  has  cultivated 
through  personal  effort.  One  cannot  observe  the 
behavior  of  a young  animal  or  child  without  recog- 
nizing the  fact  that  at  certain  periods  of  life,  when 
instinctive  activities  mature,  the  individual  tends  to 
repeat  these  activities  again  and  again,  and  at  the  same 
time  derives  great  satisfaction  from  them.  The  kitten 
playing  with  the  ball  is  a typical  illustration.  The 
child  picking  up  an  object  and  laying  it  down  repeatedly 
is  an  equally  good  illustration  of  the  pleasure  derived 
from  the  mere  execution  of  a form  of  movement  which 
is  naturally  provided  by  inheritance.  Many  of  the 
plays  of  children  express  the  deep-seated  instinctive 
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tendencies  of  human  nature  in  immature  form.  The 
child  enjoys  the  experience  of  fear  so  long  as  it  is 
sufficiently  mild  to  lead  to  the  mere  exercise  of  his 
natural  instincts  of  flight,  without  calling  out  the  in- 
stinct in  its  full  intensity.  The  young  animal  enjoys 
the  test  of  strength  with  his  fellows,  because  this  test 
is  a faint  expression  of  his  natural  instinct  for  combat. 

When  we  come  to  the  more  elaborate  forms  of  play, 
we  cannot  account  for  them  merely  by  the  formula  of 
instinctive  tendencies.  The  child  who  sees  his  elders 
working  at  some  form  of  manual  art  can  hardly  be  said 
to  have  an  instinct  for  the  repetition  of  these  activities. 
Our  formula  must  be  somewhat  more  elaborate  in  this 
case.  We  may  say  that  the  visual  recognition  of  the 
movement  tends  at  first  to  arouse  in  the  child  diffu.se 
motor  activities.  These  diffuse  tendencies  are  grad- 
ually refined  under  the  influence  of  selection  in  the 
presence  of  the  model,  until  they  become  personal 
habits.  As  the  vague  natural  tendency  toward  action 
thus  develops  into  a definite  habit  of  movement,  the 
child  will  derive  great  satisfaction  from  the  repetition 
of  these  movements,  just  because  it  is  a pleasure  to 
execute  a natural  form  of  activity  whether  it  is  or- 
ganized through  inheritance  or  through  acquirement. 
The  tendency  to  acquire  and  repeat  a form  of  expression 
is  called  the  tendency  to  imitate.  This  tendencj^  is  a 
complex  made  up,  first,  of  respect  for  elders  and  all  that 
this  respect  implies,  and,  second,  of  energy  of  action  in 
excess  of  the  immediate  individual  needs,  and,  finall3', 
of  a natural  relation  between  visual  stimulations  and 
movements  of  the  limbs.  Imitation  is  not  a particular 
instinct ; it  is,  however,  a natural  and  inherited  tendenc}^, 
for  there  is  a natural  disposition  in  any  organic  tissue 
toward  action.  What  is  true  of  organic  tissue  in 
general  is  true  of  nervous  tissue;  it  naturall}'  responds 
to  stimulation,  so  that  the  individual  enjo}'s  action. 
The  secret  of  the  pleasure  in  repetition  in  pla}'  is  to 
be  found  in  the  fact  that  organized  activity  is  the  most 
natural  channel  along  which  the  impulse  to  activity 
expends  itself. 

The  effort  has  sometimes  been  made  to  explain  art 
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in  its  manifold  forms  as  an  expression  of  human  in- 
stinct, and  there  can  be  no  doubt  that  there  is  a natural 
tendency  in  many  arts,  as,  for  example,  in  music,  to  ex- 
press the  rhythmical  characteristics  of  native  forms  of 
action.  Primitive  music  is  attractive  to  those  who  pro- 
duce it  chiefly  by  virtue  of  its  rhythmical  character, 
there  being  no  harmony  in  the  tones  which  enter  into 
the  rhythm.  The  development  of  the  art  in  its 
later  stages,  however,  evidently  cannot  be  attributed 
merely  to  instinctive  tendencies,  because  it  involves  so 
much  more  than  primitive  art.  Art  grows  with  the  de- 
veloping ability  of  the  musician  and  of  the  listener. 
As  the  vocal  cords  are  drawn  into  action,  they  supple- 
ment the  first  tendencies  which  are  more  closely  related 
to  the  crude  dancing  movements  and  involve  only  the 
larger  muscles  of  the  body.  As  the  habits  of  articu- 
lation and  song  develop,  the  pleasures  derived  from 
the  execution  of  musical  compositions  and  the  pleasures 
derived  from  listening  to  musical  productions  in- 
crease in  proportion  to  the  new  habits  of  expression 
which  are  developed  and  which  give  pleasure  in  their 
exercise. 

There  is  another  phase  of  habits  and  instincts  which 
it  is  important  for  us  to  consider  in  this  connection. 
It  is  a commonplace  that  the  development  of  a habit 
frees  us  from  the  necessity  for  elaborate  conscious 
control  of  the  movement  which  is  involved  in  the  habit. 
No  one  has  to  pay  attention  in  mature  life  to  the  de- 
tails involved  in  the  formation  of  letters  as  he  writes. 
By  long  practice  he  has  developed  a habit  of  forming 
these  letters  and  can  now  rely  upon  the  nervous  organ- 
ization to  work  out  the  details.  When  one  considers 
a single  habit,  it  appears  that  the  scope  and  vividness 
of  consciousness  diminish  with  the  perfection  of  devel- 
opment. But  we  have  no  right  to  consider  a single 
habit  of  action  wholly  apart  from  the  general  develop- 
ment of  the  individual ; and  when  the  general  develop- 
ment is  considered,  we  find  that  the  organization  of  a 
certain  automatic  habit  may  very  often  be  attended  by 
an  enlargement  of  the  possibilities  of  attention,  so 
that  when  one  activity  has  been  removed  from  the 
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focus  of  attention  l)y  becoming  habitual,  it  makes  place 
for  other  factors  of  experience  which  now  come  into  the 
focus  of  attention.  The  shifting  of  attention  from  a 
given  point  in  experience  to  some  other,  does  not,  then, 
necessarily  involve  a diminution  of  the  sum  total  of 
conscious  experience.  Whether  or  not  the  habit  shall 
free  the  individual  to  pay  attention  to  higher  and  more 
elaborate  considerations  or  to  simpler  and  le.ss  signifi- 
cant phases  of  experience,  depends  entirely  upon 
the  direction  in  which  the  development  of  individual 
experience  tends,  not  upon  the  single  isolated  habit. 
The  scientist  who  learns  to  perform  a certain  move- 
ment such  as  manipulating  objects  seen  under  the 
microscope,  has  freed  his  attention  for  the  purpo.se 
of  considering  the  objects  with  which  he  has  learned  to 
deal.  The  weaver  who  learns  to  manipulate  his  loom 
so  perfectly  that  it  requires  relatively  little  attention, 
may,  on  the  other  hand,  spend  his  surplus  mental 
energy  in  miserly  imaginations  or  in  the  contemplation 
of  petty  gossip.  In  the  case  of  the  scientist,  we  have  the 
habit  serving  an  advantageous  end  and  leading  to  a 
broader  mental  development.  In  the  case  of  the  weaver, 
it  appears  clearly  that  there  is  no  inherent  necessity 
of  mental  development  of  a broader  type  through  the 
development  of  habit.  The  two  illustrations  together 
show  that  the  question  of  mental  development  is  onlj^ 
partially  solved  when  we  deal  with  habit.  Habit  is 
taken  up  and  organized  into  a larger  system  of  personal 
consciousness  and  personal  adaptation  which  will  de- 
termine the  value  of  the  habit  and  the  relations  into 
which  the  habit  is  brought. 

This  concludes  the  discussion  of  the  direct  forms  of 
consciousness.  Perception  with  all  of  its  forms  of 
arrangement  and  all  of  its  attendant  attitudes  is  not  the 
whole  of  conscious  life.  There  are  in  man  a variety’^  of 
indirect  forms  of  consciousness  which  transcend  per- 
ceptual organizations  in  complexity  and  importance 
as  much  as  perceptual  organization  transcends  sensa- 
tion. To  the  consideration  of  these  indirect  forms  of 
organization,  we  now  turn. 
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All  of  the  discussions  up  to  this  point  have  dealt 
with  forms  of  experience  which  are  directly  related  to 
sensory  impressions.  We  have  now  to  consider  those 
phases  of  experience  which  are  supplied,  not  directly 
through  sensation  and  perception,  but  indirectly  through 
memory.  If  one  closes  his  eyes  and  thinks  of  the  scene 
which  a moment  before  impressed  itself  upon  his 
vision,  he  will  recognize  that  his  consciousness  is  filled 
with  a substitute  for  direct  visual  sensations  and  per- 
cepts; this  substitute  is  called  a memory  image. 
When  one  thinks  of  an  absent  acquaintance,  the  memory 
image  may  contain  factors  which  are  substitutes  for 
direct  auditory  impressions  of  the  voice.  When  one 
thinks  of  a rough  surface  without  touching  it,  the 
image  contains  substitutes  for  tactual  factors  and  their 
perceptual  organization.  These  illustrations  serve  to 
emphasize  the  scope  of  the  word  “ image,”  which  it  will 
be  seen  is  used  not  merely  for  vision,  but  also  for  all 
spheres  of  experience.  Furthermore,  enough  has  been 
said  to  justify  the  description  of  memory  images  as 
indirect  factors,  because  it  is  clear  that  memory  images 
are  related  to  earlier  sensory  and  perceptual  processes 
and  derive  their  qualitative  characteristics  from  the 
direct  experiences  for  which  they  are  substitutes. 

Before  taking  up  any  of  the  details  regarding  the 
character  and  laws  of  memory  images,  it  will  be  well 
to  dwell  briefly  upon  the  great  advantage  to  the  in- 
dividual of  possessing  the.se  substitutes  for  direct  im- 
pressions. The  mind  supplied  with  memory  images  is 
relatively  independent  of  contact  with  objects;  the 
images  may  serve  as  the  basis  for  attitudes  and  for 
reconstructive  organizations  which  may  be  of  the 
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highest  significance  in  individual  life.  A common- 
place illustration  of  this  advantage  is  seen  whenever 
one  runs  over  in  his  mind  the  various  places  in  which  he 
has  been  and  where  he  might  have  left  a lost  object. 
More  complex  illustrations  may  be  drawn  from  the 
mental  activities  of  an  inventor  who  thinks  out  many 
combinations,  thus  using  the  images  in  consciousne.ss 
as  substitutes  for  real  objects.  To  be  sure,  there  are 
certain  disadvantages  which  connect  them.selves  with 
these  advantages.  The  inventor  can  make  more 
mistakes  in  this  imagery  than  he  could  if  he  tried  to 
fit  together  real  things,  and  one’s  fal.se  memory  may 
lead  him  far  astray.  But  taken  in  the  large,  the 
freedom  from  the  necessity  of  always  waiting  for  direct 
impressions  is  one  of  the  great  superiorities  of  the 
higher  forms  of  mental  life. 

One  of  the  most  important  statements  to  be  made  in 
the  description  of  memory  images  is  that  different 
individuals  show  great  differences  in  the  character  and 
vividness  of  their  memory  images.  Some  years  ago, 
Galton  asked  a number  of  individuals  to  test  their 
mental  imagery  by  calling  up  as  definitely  and  fully  as 
possible  the  familiar  objects  of  the  breakfast  table. 
After  the  memory  image  had  been  called  up,  the  observer 
was  requested  to  state  how  clear  the  mental  image 
was  in  color  and  form  and  other  characteristics.  Some 
of  the  observers  said  that  they  recalled  objects  with  a 
vividness  and  detail  altogether  comparable  to  their 
perceptual  experience.  These  Galton  called  good 
visualizers.  Others  described  their  memory  images 
as  extremely  vague  and  hazy.  Still  others,  who  were 
between  the  extreme  classes,  stated  that  their  mental 
images  were  restricted  in  extent  and  were  relatively 
fainter  than  the  percepts  themselves,  but,  nevertheless, 
fairly  comparable  in  general  character  to  direct  sensory- 
experiences.  Galton’s  tests  have  frequently  been  re- 
peated, and  his  results  have  been  fully  corroborated. 
Furthermore,  it  has  been  found  that  persons  who  have 
faint  visual  images  have,  in  some  cases,  \dvid  auditory- 
images.  Some  persons  have  vivid  tactual  imagery- 
or  vivid  memory  of  movement  sensations.  The  blind. 
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for  example,  must  liave  images  of  this  kind,  giving  to 
their  memory  consciousness  a totally  different  type  of 
content  from  that  which  exists  in  the  mind  of  the 
normal  individual. 

Not  only  is  the  type  of  memory  very  different  in 
different  individuals,  but  the  special  contents  must 
differ  according  to  the  accidents  of  individual  expe- 
rience. Thus,  if  two  persons  have  looked  at  the  same 
scene  from  two  different  points  of  view,  their  imagery 
will  be  different;  certain  near  and  vivid  factors  for  one 
person  will  be  vague  and  remote  for  the  other.  Then, 
too,  individual  attitudes  react  upon  the  contents  of 
experience  to  determine  the  character  of  imagery. 
If  an  especially  pleasing  or  disagreeable  color  has  been 
presented  to  a given  individual,  it  may  continue  in  his 
memory  for  a long  time,  while  a second  individual 
looking  at  the  same  color,  but  not  greatly  pleased  or 
displeased  by  it,  may  very  soon  forget  it  altogether. 

In  spite  of  individual  differences  in  mental  imagery, 
there  are  certain  general  statements  which  apply  to  all 
persons  and  all  types  of  memory.  First,  memory 
depends,  all  other  conditions  being  equal,  upon  the 
vividness  and  recency  of  the  sensory  impression.  It 
should  be  noticed  that  memory  does  not  depend  on 
intensity",  but  on  vividness.  If  intensity  results  in  the 
concentration  of  attention  upon  the  impression,  then 
intensity  may  indirectly  help  to  fix  the  impression;  but 
a faint  impression  upon  which  attention  has  been 
centered  will  continue  in  memory  long  after  the 
disappearance  of  an  impression  which  passes  without 
attention.  The  recency  of  an  impression  is  also  a matter 
of  importance.  Careful  quantitative  tests  show  that 
impressions  fade  with  relative  rapidity  at  first  and  at 
a very  gradual  rate  later.  We  forget  many  impres- 
sions entirely  in  the  first  few  moments  after  they  are 
received.  What  we  retain  beyond  the  first  brief  period 
is  more  likely  to  continue  as  a relatively  permanent 
addition  to  the  content  of  consciousness. 

Much  has  been  said  with  regard  to  the  scope  of 
memory  and  with  regard  to  the  possibility  of  increasing 
the  scope  of  memory  by  training.  It  is  doubtless  true 
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that  the  ability  to  retain  impressions  dilTers  greatly 
with  different  individuals;  some  retaining  many 
impressions  and  carrying  them  forward  through  long 
periods,  others  having  little  or  no  ability  to  retain. 
So  clearly  marked  are  these  natural  characteristics 
of  different  individuals  that  the  changes  produced 
through  practice  are  relatively  small.  Indeed,  Pro- 
fessor James  asserts  that  there  is  no  possibility  of 
changing  the  degree  of  natural  retentiveness  through 
training.  This  statement  has  been  shown  to  be  out  of 
harmony  with  the  facts,  for  there  are  evidences  of 
increase  in  the  scope  of  memory  through  training. 
Nevertheless,  Professor  James’s  statement  is  probably 
much  nearer  the  truth  than  the  popular  assumption 
that  memory  can  be  radically  changed  through  prac- 
tice. 

Another  general  fact  regarding  memory  is  that  ex- 
periences are  not  actively  recalled  without  some  pre.sent 
impression  or  related  memory  w^hich  serves  as  the 
motive  or  occasion  for  the  exercise  of  memor3^  The 
mere  retention  of  an  impression  is  not  the  whole  of 
memory.  For  examjDle,  at  this  moment  there  must  be 
retained  by  every  reader  of  these  w'ords  hundreds  of 
proper  names.  There  is  no  motive  for  the  recall  of 
most  of  them.  If  one  should  find  in  the  text,  however, 
such  a phrase  as  “ author  of  the  Iliad,'’  one  of  the  proper 
names  would  be  recalled  and  memory  w’ould  become 
active  for  that  one  name.  This  name  might  in  turn 
suggest  other  memories.  The  fact  that  memories 
are  thus  linked  together  and  that  active  recall  is  alwaj’s 
a matter  of  a train  or  sequence  of  processes  was  noticed 
long  ago  by  Aristotle.  He  described  the  principles 
of  memory,  or,  as  they  were  later  designated,  the  laws  of 
association.  There  are  two  general  principles  of  as- 
sociation which  w^e  may  note : first,  the  principle  of 
association  by  contiguity;  and,  second,  the  principle 
of  association  by  similarity  or  contrast. 

When  one  thinks  of  the  letter  A,  he  is  ver}*  likely  to 
recall  also  the  letter  B,  because  the  tw'o  have  so  often 
followed  each  other  in  experience.  The  first  line  of  a 
poem  suggests  the  second ; the  sight  of  one  of  two  inti- 
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mate  friends  suggests  tlie  other.  In  general,  when  two 
experiences  have  been  intimately  related  in  earlier  ex- 
perience, the  appearance  of  one  is  likely  to  serve  as  a 
sullicient  motive  for  the  recall  of  the  second. 

When  one  sees  a face  which 
has  eyes,  or  nose,  or  mouth,  like 
those  of  another  person,  the  like 
feature  is  in  many  cases  enough 
to  recall  the  absent  person.  In 
such  a case  as  this,  the  two 
faces  now  associated  need 
never  have  appeared  together 
in  the  past;  it  is  enough  that 
they  contain  the  same  feature. 

This  relation  between  two  ex- 
periences having  a common 
factor  is  evidently  a more  com- 
plex fact  than  association  by 
contiguity,  for  it  involves  a 
sufficient  anal}'sis  or  concentra- 
tion of  attention  upon  a single 
feature  to  separate  it  from  its 
present  surroundings  and  make 
it  the  link  of  connection  with  a 
group  of  experiences  not  now 
present.  The  diagram  in 
Fig.  51  repre.sents  the  situation. 

The  circle  A represents  a 
single  feature  of  the  face  now  seen;  b,  h,  b,  are  the 
other  features.  In  a past  experience,  A has  been  part 
of  a system  of  features  of  which  c,  c,  c,  were  the  others. 
If  A becomes  the  subject  of  special  attention,  it  can 
revive  the  elements  c,  c,  c,  and  thus  detach  itself  from 
6,  b,  b,  the  features  of  the  present  complex  in  which 
it  stands.  In  general,  then,  whenever  a factor  of  ex- 
perience now  present  has  appeared  in  earlier  experi- 
ences in  a different  combination,  the  earlier  combination 
may  be  recalled  through  association  by  similarity. 

As.sociation  by  contrast  will  be  clear  after  the  fore- 
going discu.ssion  of  a.ssociation  by  similarity,  for  no 
contrast  can  exist  without  like  elements.  One  may 


Fig.  51.  The  full-drawn 
circles  represent  the 
elements  of  the  present 
experience.  Of  these 
elements  A attaches 
itself  also  to  the  system 
of  elements  represented 
by  the  dotted  line  circles. 
A,  when  taken  with 
the  circles  b,  b,  b,  con- 
stitutes the  present  ex- 
perience ;A,  when  taken 
with  the  circles  c,  c,  c, 
constitutes  the  recalled 
experience.  A is  ob- 
viously the  center  of 
relations  between  the 
two  s3fstems. 
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contrast  a candle  and  the  sun  because  they  both  give 
light,  or  the  moon  and  a coin  because  they  are  both 
round,  but  in  each  of  these  cases  the  basis  of  the  con- 
trast is  a common  factor. 

The  physiological  conditions  of  memory  have  often 
been  discussed,  and  attention  has  been  called  to  the 
fact  that  retention  is  not  a unique  characteristic  of  con- 
sciousness. Under  the  term  organic  memory,  almost 
every  form  of  retention  has  been  discu-s.sed.  Thus, 
when  the  palm  of  the  hand  becomes  calloused,  the  skin 
is  sometimes  said  to  exhibit  organic  memory.  A scar 
is  also  referred  to  in  the  same  terms.  This  ase  of 
the  word  “ memory  ” is  justifiable  in  so  far  as  the  word 
refers  to  retention,  but  it  is  not  justifiable  if  it  Is  in- 
tended to  indicate  recall,  which  the  ordinary  man 
always  implies  in  his  use  of  the  term. 

One  application  of  the  term  organic  memon,'^  in  which 
we  are  especially  interested  is  that  which  refers  to  re- 
tentions in  the  nervous  system.  The  structures  of  the 
nervous  system  are,  in  a very  important  sense,  records 
of  earlier  functional  activities.  Indeed,  organic  mem- 
ory may  reach  back  of  individual  life  and  record  in 
inherited  structures  the  early  activities  of  the  race. 
Instincts  have,  accordingly,  been  described  as  racial 
memories.  Again,  it  is  to  be  said  that  the  extension  of 
the  word  “memory”  to  such  cases  is  likely  to  lead  to 
confusion,  because,  while  there  is  retention  in  such  cases, 
there  is  no  conscious  recall,  as  is  commonlj'  implied  in 
the  term  memory.  The  same  remark  applies  to  many 
of  the  changes  in  the  structure  of  the  indi\’idual  nerv- 
ous system  which  arise  during  the  course  of  indi%ddual 
life. 

The  broad  use  of  the  term  organic  memor}^  is  par- 
alleled by  a broad  application  of  the  term  memory 
in  the  description  of  conscious  processes.  Whenever 
a present  experience  depends  upon  past  experience, 
either  for  its  elements  or  for  its  form  of  organization, 
there  is  a disposition  to  speak  of  the  experience  as 
involving  memory.  If  the  term  is  used  in  this  broad 
sense,  there  is  no  conscious  process  which  does  not 
involve  memory.  Ever}^  habit  which  develops  from 
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diffusion,  every  organization  of  sensations  into  a spatial 
or  temporal  series  depends  upon  past  experience  and 
brings  over  into  present  mental  processes  the  influence 
of  that  past.  The  term  memory  when  thus  used  be- 
comes s}’nonymous  with  the  whole  organized  system 
of  active  and  conscious  processes.  The  broad  fact  to 
which  the  term  memory  is  thus  applied  is  too  significant 
to  be  overlooked,  and  yet  it  is  not  desirable  that  the 
word  “ memory  ” be  indefinitely  extended.  We  shall, 
therefore,  use  the  word  “ memory  ” in  subsequent  dis- 
cussions only  in  those  cases  in  which  phases  of  expe- 
rience are  recalled  from  the  past  and  consciously  rec- 
ognized as  so  recalled  from  the  past.  When  the  term 
memory  is  used  in  this  narrow  sense,  the  general  facts 
to  which  reference  was  made  in  the  broader  use  of  the 
term  may  be  covered  by  the  statement  that  memory 
processes  pass,  on  the  one  hand,  into  habits,  and,  on  the 
other  hand,  into  more  elaborate  forms  of  conscious 
activity.  The  recall  of  past  experiences  in  such  a form 
that  they  can  be  recognized  as  facts  of  memory  in  the 
narrow  sense  is  never  a stable  form  of  experience. 
The  reproduction  of  past  experience  must  always  serve 
some  purpose  of  mental  organization,  or  disappear 
altogether.  It  may  pass  into  a form  of  active  adapta- 
tion and  continue  as  a habit ; it  may  pass  into  the  higher 
forms  of  conscious  activity ; or,  finally,  it  may  fade  out. 
It  is  probably  true,  however,  that  even  before  it  dis- 
appears by  fading  out,  it  affects  the  organization  of 
mental  life  in  one  of  the  first  two  ways  mentioned. 

In  order  to  show  how  memory  images  tend  to  merge 
into  habits,  let  us  examine  the  simple  case  in  which  one 
meets  a person  to  w'hom  he  has  been  introduced  on 
an  earlier  occasion,  but  whom  he  now  finds  it  difficult 
to  recognize.  The  present  impressions  of  face  and  form 
are  sufficient  to  arouse  within  the  ob.server  a tendency 
toward  reaction;  there  is  a vague  reverberation  of  the 
first  experience  without  any  adequate  or  full  rein- 
statement of  the  content  factors  present  at  the  first 
experience.  The  present  stimulation  does  not  issue 
on  its  motor  side  into  any  definite  form  of  behavior, 
but  seems  to  halt  at  the  point  of  discharge.  The 
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observer  feels  that  he  is  just  on  tlie  point  of  giving  the 
stranger’s  name,  or  making  the  same  remark  tliat  he 
made  when  he  saw  him  before.  On  the  side  of  imagery, 
experience  does  not  reproduce  fully  the  conversation 
of  the  first  meeting.  There  is  consequently  a distinct 
feeling  of  unrest  and  dis.satisfaction.  The  nervous 
mechanism  has  been  partially  organized  by  the  first 
experience,  else  there  would  not  be  the  present  vague 
feeling  of  familiarity;  but  the  earlier  organization  is  not 
complete,  and  the  present  activity  is  neither  so  direct 
as  it  would  be  if  the  organization  were  complete,  nor 
is  it  free  to  adopt  some  wholly  independent  direction, 
as  it  would  be  if  there  were  no  revived  tendencies  brought 
over  from  the  first  case.  Under  these  circumstances 
there  will  be  a tendency  on  the  part  of  the  observer  to 
concentrate  on  the  present  stimulus  until  it  recalls  by 
association  the  first  experience.  If  the  earlier  pro- 
cesses were  sufficiently  intense,  or  if  the  present  effort 
is  continued  long  enough,  there  may  ultimately  be  a 
partial  reinstatement  of  the  earlier  experience  through- 
out its  whole  course.  The  observer  will  then  have  not 
only  the  present  percept,  but  a more  or  less  complete 
repetition  of  the  earlier  experience  to  guide  his  activit)\ 
The  indirect  character  of  these  revived  factors  will  be 
evidenced  by  the  fact  that  they  cannot  be  verified  by 
any  present  sensory  impressions.  They  will  also  have 
the  marks  of  their  subjective  origin  in  their  relative 
vagueness  and  uncertainty.  The  image  may,  under 
certain  conditions,  contain  reinstated  factors  which 
were  not  derived  from  the  particular  experience  which 
is  called  for  by  the  present  stimulus.  The  observer 
may  sometimes  be  at  a loss  to  distinguish  between 
true  and  untrue  revivals,  unless  there  are  internal 
incoherencies  between  the  reinstated  factors  indicat- 
ing that  some  should  be  present  and  others  not. 

After  the  memory  image  is  thus  aroused,  it  is  used  as 
a percept  would  be  used  to  guide  action,  and  so  becomes 
an  important  additional  means  of  controlling  be- 
havior. The  control  of  action  is  the  function  of  the 
memory  image.  If  the  observer  has  a second  and  a 
third  experience  similar  to  that  described,  he  will  find 
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that  the  memory  image  can  be  called  up  in  later  cases 
more  easily  than  at  first.  He  will  also  observe  that 
there  is  less  and  less  emphasis  on  the  content  factors 
of  the  memory  image.  The  slightest  i-evival  of  the 
memory  image  is  enough  to  arouse  the  appropri- 
ate activity;  that  is,  the  function  of  the  image  is 
gradually  selected  as  the  important  contribution  to 
individual  development,  and  the  content  factors  drop 
out  more  and  more.  Thus,  after  several  meetings  with 
an  acquaintance,  the  name  is  uttered  without  any 
elaborate  recall  of  the  time  when  the  name  was  first 
heard.  The  recall  of  earlier  friendly  or  unfriendly 
encounters  is  condensed  into  an  immediate  friendly 
attitude  of  salutation,  or  the  unfriendly  attitude  of 
withdrawal.  The  conversation  takes  a natural  turn  in 
the  one  direction  or  the  other,  according  as  the  acquaint- 
ance is  a business  acquaintance  or  a social  acquaintance. 

In  short,  the  observer  is  thrown  into  a series  of  active 
attitudes  which  constitute  his  acquired  reaction  upon 
the  impression  which  he  receives  from  the  familiar 
face  now  before  him.  It  is  a matter  of  everyday  ex- 
perience that,  as  this  direct  form  of  response  develops 
and  becomes  more  perfect,  the  memory  contents 
which  were  once  necessary,  disappear  entirely.  The 
memory  stage  of  organization  may  be  long,  as  in  the 
case  of  a person  whom  we  meet  only  casually  at  in- 
frequent intervals,  or  it  may  be  short,  if  experience 
is  frequently  renewed.  But  in  any  case  the  memory 
stage  is  merely  a transitional  stage,  and  gives  way 
to  habit  as  its  end.  Habit  embodies  all  that  is  useful 
of  the  early  experiences,  for  it  is  not  the  details  of  these 
earlier  experiences  which  we  need  to  guide  us;  it  is 
much  better  that  we  should  extract  from  our  succes- 
sive experiences  the  appropriate  attitudes,  and  rely 
upon  these  as  condensed  resultants  of  all  our  former 
experiences. 

Such  a drifting  of  memory  back  to  direct  perception  Pastex- 
is  the  common  result  of  repeated  practical  contacts  contribute 
with  the  subjects  of  memory.  When  an  object  is  to 
be  handled  time  and  time  again,  when  a person  is  to  of  recog™* 
be  dealt  with  in  a direct  fashion,  then  perception  must 
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be  organized  as  compactly  as  possible,  and  imagery 
becomes  a hindrance  rather  than  a help;  it  therefore 
gives  way  to  direct  forms  of  organization.  No  better 
illustration  than  this  could  be  found  of  the  fact  that  the 
development  of  all  experience  is  in  the  direction  of  the 
perfection  of  functions.  Content  is  here  used  for  a 
time  to  aid  in  building  up  a habit  and  then  the  content 
is  dropped  and  the  function  is  retained.  The  value 
of  memory  in  such  cases  as  this  is  merely  to  enlarge  the 
basis  of  reaction  until  the  most  u.seful  type  of  reaction 
can  be  securely  established.  The  subject,  instead  of 
framing  his  reaction  on  a small  number  of  present 
factors,  is  enabled  to  base  his  reaction  on  the  present 
factors  plus  those  brought  over  from  the  past,  until 
finally  the  reaction  is  sufficiently  refined  to  be  independ- 
ent of  guidance. 

When  experience  takes  the  form  of  an  organized 
mode  of  response  with  its  attendant  attitude,  it  is  verj’^ 
frequently  exceedingly  difficult  to  modify  it.  The  ele- 
ments which  contributed  to  its  organization  have 
disappeared,  leaving  the  present  attitude  without  an}^ 
content  factors  to,  explain  its  origin.  The  individual  is 
thus  dependent  for  his  interpretations  upon  his  atti- 
tude, and  this  grows  more  fixed  as  it  is  repeatedly 
utilized.  This  accounts  for  the  conservatism  of  most 
of  our  experiences.  Each  indi^ddual  has  his  attitudes 
toward  his  acquaintances,  toward  liis  ordinar}^  forms 
of  experience,  and  these  attitudes  have  a stability 
and  sanction  which  no  single  impression  and  no  single 
disastrous  result  of  applying  the  attitude  can  over- 
come. This  is  nowhere  better  illustrated  than  in  re- 
ferring to  those  attitudes  which  we  describe  in  ordi- 
nary life  as  one’s  tastes;  as,  for  example,  one’s  taste  for 
certain  combinations  of  lines  as  seen  in  works  of  art, 
or  one’s  likes  and  dislikes  for  colors  and  for  places. 
These  are  proverbially  not  open  to  question  or  expla- 
nation, and  they  constitute  what  may  be  described 
as  one  of  the  most  conservative  and  characteristic 
phases  of  individual  character.  That  tastes  are  built 
up  on  the  foundation  of  individual  experience,  no  one 
will  deny ; that  they  are  forms  of  memory  is  an  asser- 
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tion  which  no  one  would  make  unless  he  were  prepared 
to  extend  the  word  " memory  ” to  include  all  organiza- 
tions within  personal  consciousness.  They  serve,  there- 
fore, as  admirable  illustrations  of  the  consolidations  of 
memories  into  attitudes. 

Similar  statements  could  be  made  regarding  many 
other  forms  of  experience.  A word  is  interpreted  at 
first  by  laboriously  attaching  to  it  some  memory  image. 
Any  one  can  verify  this  by  attempting  to  learn  a new 
name.  The  words  of  the  vernacular  with  which  we 
have  constantly  to  deal  become  so  familiar  and  easy 
of  interpretation  that  no  memory  images  intervene 
when  we  use  them  in  ordinary  life. 

Enough  has  been  said  to  make  clear  the  first  type  of 
development  of  memory  images.  We  turn  now  to 
consider  the  way  in  which  memory  develops  into  the 
higher  forms  of  mental  activity.  Every  memor}’  image 
has  characteristics  which  distinguish  it  from  the  per- 
cepts in  which  it  originated.  So  different  is  the  organ- 
ization of  memory  images  from  the  organization  of 
direct  perceptual  processes,  that  we  should  be  fully 
justified  in  emphasizing  this  difference  as  one  of  the 
most  important  marks  of  memory.  This  can  be  made 
clear  by  examining  any  simple  memory  image.  Sup- 
pose that  one  has  been  looking  at  a landscape;  the 
infinite  detail  of  sensory  quality  has  been  arranged  in 
experience  into  a spatial  form  in  which  certain  points 
of  interest  and  attention  stand  out  as  conspicuous 
centers.  Now  let  the  observer  close  his  eyes.  Much 
of  the  detail  is  instantly  gone,  the  remaining  memories 
of  sensory  impressions  do  not  assert  themselves  as  did 
the  sensations  when  the  eyes  were  open;  they  do  not 
seem  to  compel  the  mind  to  give  them  a certain  ar- 
rangement demanded  from  without;  they  are  easily 
readjusted  in  response  to  internal  modes  of  organiza- 
tion. The  vast  spatial  expanse,  which  a moment  ago 
had  such  a distinctly  objective  character,  seems  to  have 
receded  into  the  individual’s  inner  self;  it  can  be  con- 
templated as  a part  of  the  subjective  world.  The 
points  of  personal  interest  and  attention  are,  even  more 
than  in  the  objective  scene,  the  centers  of  the  whole 
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organization.  In  short,  the  experience  of  the  observer 
with  closed  eyes  is  more  subjective  in  character,  more 
subjective  in  its  eiTipha.sis  and  arrangement  of  contents, 
more  subjective  in  its  value  than  was  the  direct  per- 
cept. So  distinct  from  percepts  are  the  products  of 
memory  that  a distinct  term  is  required  to  designate 
these  experiences.  The  term  idea  is  perhaps  the  best 
English  term  to  designate  these  indirect  experiences. 
The  terms  thought  and  memory  image  are  also  used. 
Thought  lays  great  emphasis  on  the  subjective 
character  of  the  processes,  and  memory  image  lays 
stress  on  the  relations  to  direct  sensory  and  perceptual 
originals. 

The  distinctly  subjective  character  of  ideas  is  strik- 
ingly evidenced  by  the  individual  differences  noticed 
above.  Every  person  has  his  own  idea  when  he  turns 
away  from  an  object.  So  true  is  this,  that  courts  of 
law  often  find  it  very  difficult  to  determine  from  the 
accounts  offered  by  perfectly  honest  observers  with 
different  personal  interests  and  points  of  view,  the  exact 
relations  which  existed  in  the  objective  world.  Galton 
found  certain  individuals  who  have  curious  personal 
methods  of  organizing  experiences.  Thus,  he  found 
that  there  are  some  who  arrange  the  numerals  in  definite 
visual  systems.  Whenever  they  make  the  transition 
from  ten  to  fifteen,  for  example,  they  pass  in  their  own 
subjectively  constructed  series  from  one  visualized 
point  in  the  image  to  another  point  corresponding  to 
the  second  number.  Figure  52  exhibits  several  of  these 
number  forms,  as  Galton  called  them.  These  are  very 
excellent  illustrations  of  individual  modes  of  organ- 
izing experience,  for  they  show  that  certain  persons 
make  as  concrete  as  possible  the  very  abstract  fact  of 
number  sequence.  When  a person  who  does  not 
have  a number  form  passes  from  one  number  to  an- 
other, he  must  have  some  kind  of  an  idea  of  change, 
but  ordinarily  he  does  not  translate  it  into  spatial 
sequence.  Other  unusual  forms  of  imagery  were  also 
reported  by  Galton.  Some  persons  tlfink  of  the  letters 
which  they  perceive  when  they  read  as  having  certain 
colors.  Some  think  of  the  months  of  the  }^ear  as  ar- 
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ranged  in  a definite  circle  or  ellipse,  and  some  see  the 
parts  of  such  a figure  variously  colored. 

The  examination  of 
one’s  own  ideas  confirms 
the  statement  that  they 
are  distinctly  subjective 
in  character.  One  can 
control  the  emphasis  in 
memory  images  much  more 
fully  than  in  percepts. 

Thus,  if  the  interest  of  the 
moment  is  in  the  form  of 
the  object  recalled,  the 
sensory  qualities  can  be 
almost  entirely  ignored. 

This  makes  it  possible  for 
individuals  who  have  ideas 
to  use  them  even  in  the 
presence  of  objects  and  to 
make  an  analysis  of  per- 
ceptual experiences  by 
superimposing  ideas  on  the 
percepts.  Thus,  if  one 
who  has  developed  ideas 
of  space  looks  at  a cube 
and  thinks  about  its  form, 
he  may  emphasize  in  the 
percept,  which  is  full  of 
concrete  factors,  the 
special  characteristic  of 
form  which  is  almost  en- 
tirely devoid  of  concrete 
content.  The  emphasis  of 
form  is  an  ideational  em- 
phasis imposed  upon  the 


Fig.  52.  Number  forms  copied 
from  Galton.  The  special 
significance  attached  to  the 
figure  12  in  certain  of  tliese 
forms  may  be  related  to  the 
early  training  of  the  individ- 
ual in  connection  with  the 
numbers  on  the  clock  face. 
The  special  position  given  to 
10,  20,  30,  etc.,  hardly  needs 
comment. 


perceptual  impression. 

Another  illustration  of  the  subjective  character  of  an 
idea  is  to  be  found  in  the  fact  that  one  can  pass  instantly, 
in  surveying  his  memory  image,  over  great  ranges  of 
time  and  space.  The  idea  is  not  spread  out  in  the  same 
way  as  is  the  percept.  There  is,  to  be  sure,  in  the  idea  a 
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recognition  of  the  spatial  character  of  the  image,  but 
space  in  the  idea  is  not  so  important  in  determining  the 
mode  of  examination. 

The  indirect,  subjective  character  of  ideas  is  related 
to  what  we  know  of  the  physiological  conditions  of  ideas. 
The  physiological  conditions  of  ideas  are  undoubtedly 
provided  for  in  the  codrdinating  processes  in  the  as- 
sociation areas  of  the  cerebrum.  In  the  lower  animals 
where  the  association  areas  are  small  or  lacking,  there 
is  little  evidence  of  ideas.  In  these  animals  sensory 
processes  pass  to  motor  discharge  with  greater  direct- 
ness than  in  man.  In  like  manner,  the  infant  .seems  to 
be  wholly  absorbed  in  percepts.  This  is  related  to  the 
fact  that  the  tracts  in  the  association  areas  are  the  latest 
to  develop,  the  process  of  development  being,  as  noted 
in  an  earlier  chapter,  distinctly  traceable  for  a long 
period  after  birth. 

The  significance  of  the  evolution  of  the  association 
areas  can  be  seen  by  contrasting  the  modes  of  human 
behavior  with  the  modes  of  behavior  exhibited  lower 
in  the  scale  of  life.  If  an  animal  is  aroused  to  anger 
by  some  stimulation,  it  responds  b}''  directly  attacking 
the  source  of  the  stimulation.  If  an  animal  is  plea.sed 
by  some  form  of  agreeable  excitation,  it  makes  clear  its 
pleasure  in  an  immediate  reaction.  There  is  in  animal 
life  very  little  delay  or  indirection  in  response.  This 
type  of  organization  explains  the  fact  that  onlj’-  those 
sensory  impressions  are  taken  up  in  the  mental  lives 
of  animals  which  are  of  direct  importance  in  guiding 
immediate  behavior.  When  we  contrast  all  this  with 
human  life,  we  are  impressed  by  the  fact  that  man’s 
activities  are  most  of  them  indirect.  This  appears,  for 
example,  when  we  consider  that  man’s  actiAities  are 
many  of  them  reactions  of  articulation.  Articulation 
is  not  a direct  form  of  bodily  attack  upon  an  enem}’’,  or  a 
direct  bodily  movement  of  seizing  food,  or  of  flight  in 
fear.  Articulation  is  an  indirect  foriji  of  actiAuty  and 
it  is  very  significant  that  it  has  developed  to  a degree 
which  makes  it  a matter  of  cardinal  importance  in  dis- 
cussing human  life.  A second  example  of  the  indirect 
type  of  activity  which  man  has  cultivated  is  seen  in 
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the  fact  that  he  employs  tools,  rather  than  parts  of  his 
body,  in  his  conquest  of  the  world.  The  use  of  a tool 
to  attain  certain  ends  calls  for  an  entirely  new  system 
of  activities  of  manipulation  and  for  a most  elaborate 
nervous  organization.  Thus,  the  animal  which  strikes 
at  its  prey  with  its  claws  and  has  no  experience  of  strik- 
ing other  than  that  which  can  be  developed  through  the 
use  of  its  own  organs,  will  face  any  situation  in  the 
world  with  a very  much  more  immediate  attitude  of 
direct  contact  than  does  the  man  who  has  learned  to 
attack  his  prey  at  a distance  through  the  use  of  arrows 
or  other  weapons.  The  manipulation  of  a w^eapon 
with  the  ulterior  purpose  of  causing  the  weapon  to  do 
the  work  which  is  desired,  involves  a double  adjustment 
and  a double  attitude  toward  the  factors  of  experience. 

There  are  the  direct  adjustment  and  attitude  which 
apply  to  the  weapon  or  tool  itself,  and  the  indirect 
attitude  toward  the  object  which  is  to  be  acted  upon  by 
the  tool;  and,  finall}q  in  order  that  these  two  may  be 
properly  related,  there  must  be  some  attention  to  the 
relation  between  the  tool  and  the  more  remote  object. 

There  is  an  unmistakable  relation  between  these  ideas  late 
indirect  forms  of  activity  and  the  development  of  the 
typical  forms  of  ideational  consciousness.  Language  veiopment. 
is  so  important  a topic  that  it  will  be  considered  at 
length  in  the  next  chapter.  If  one  studies  the  his- 
torical development  of  the  use  of  tools,  he  will  find 
that  the  most  primitive  peoples  use  only  a very  few 
simple  devices,  and  these  simple  devices  are  hardly 
more  than  imitations  of  the  patterns  found  in  their  own 
organs.  The  progre.ss  of  civilization  was  in  this  period 
very  slow.  As  soon  as  mental  development  reached  the 
level  where  man  could  give  attention  to  broader  re- 
lations through  the  development  of  ideas,  there  came 
a radical  and  rapid  change  in  the  character  of  human 
culture.  It  is  difficult  for  a civilized  individual 
to  realize  that  ideas  are  the  latest  products  of  men- 
tal development  and  that  they  are  very  uncom- 
mon at  levels  of  life  below  that  at  which  man  lives. 

The  moment  we  begin  to  make  an  introspective  study 
of  consciousness,  we  find  that  we  are  dealing  with  ideas, 


246 


PSYCHOLOGY 


Illustra- 
tion of  di- 
rect and  in- 
direct forms 
of  con- 
sciousness. 


Indirect 
adaptation 
the  high- 
est form. 


and  these  seem,  from  the  point  of  view  of  mature  ex- 
perience, to  be  the  most  commonplace  phases  of  mental 
life.  Indeed,  it  is  difficult  to  offer  a good  illustration 
which  will  show  clearly  the  difference  between  direct 
perception  and  indirect  thought  processe.s,  for  so  com- 
plete is  the  development  of  the  indirect  mode  of  thought 
in  developed  human  beings  that  the  moment  one  begins 
to  consider  an  experience  for  purpo.ses  of  scientific 
illustration,  he  naturally  begins  to  turn  over  in  his  ex- 
perience a series  of  ideas  rather  than  direct  percepts, 
Man  has  gone  so  far  in  this  direction  that  he  takes  an 
outsider’s  view  of  himself.  He  not  only  uses  his  arms, 
but  he  thinks  about  them  as  if  they  were  tools.  In 
order  to  get  an  illustration  of  direct  forms  of  experience 
we  must,  therefore,  assume  for  the  moment  the  attitude 
of  a person  wholly  absorbed  in  the  direct  application  of 
himself  to  a situation.  Suppose  that  one  is  tr3ung  to 
grasp  an  object  just  beyond  the  limit  of  his  ability 
to  reach.  His  attitude  in  the  midst  of  that  situation 
is  very  direct.  Space  is  not  a separate  and  distinct 
phase  of  experience.  The  whole  attitude  of  mind  is  one 
of  direct  adaptation.  The  individual  is  so  absorbed 
in  meeting  the  situation  that  he  does  not  think  about 
it;  he  is  not  likely  to  be  able  to  describe,  after  the 
experience  is  over,  the  efforts  he  made,  because  the 
whole  process  is  in  the  sphere  of  direct  experience  to 
which  ideational  forms  of  thought  and  indirect  verbal 
descriptions  are  not  readily  applied.  The  moment  the 
man  stops  reaching  and  begins  to  consider  de\’ices  b}'- 
which  he  may  help  himself,  the  whole  character  of 
experience  changes.  Space,  and  the  object,  and  the 
man  himself  are  now  contents  of  thought  and  their 
relations  are  subjects  of  consideration.  This  is  the 
sphere  of  ideational  experience  which  lends  itself  readil}" 
to  description. 

The  ability  to  think  indirectly  is  an  achievement 
which  has  no  equal  in  importance  in  the  evolution  of 
the  animal  kingdom.  The  mode  of  life  in  an  animal 
endowed  with  this  power  can  never  again  be  character- 
ized as  direct.  Language,  as  perhaps  the  most  char- 
acteristic mark  of  this  new  power  of  indirect  thought, 
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takes  a place  among  motor  activities  which  is  more  im- 
portant than  that  of  any  of  the  grosser  and  more  direct 
forms  of  activity. 

Again  it  is  to  be  pointed  out  that  ideas  thus  broadly 
considered  are  not  forms  of  memory,  but  rather  unique 
types  of  mental  organization  made  possible  by  the 
presence  in  experience  of  indirect  factors  easily  subject 
to  reorganization.  The  elaborateness  of  the  organiza- 
tion is  the  chief  fact,  not  the  content  used  in  this  organ- 
ization. When  two  persons  think  of  a number  relation, 
for  example,  it  is  not  important  that  both  of  them 
should  have  the  same  images  in  consciousness,  but  it  is 
all-important  that  they  should  treat  these  images  in 
the  same  way.  They  should  have  the  same  type  of 
transition  from  less  to  greater;  they  should  both  agree 
in  taking  equal  steps  when  they  pass  from  ten  to 
twelve  and  from  twenty  to  twenty-two.  In  short,  the 
mode  of  organization  should  be  the  same  in  any  given 
system  of  ideas,  whatever  the  content.  The  important 
fact  in  an  idea  is  thus  the  relation  into  which  its  con- 
tents enter.  Thus  idea  is  the  function  of  memory  fac- 
tors in  much  the  same  sense  that  perception  is  the 
function  of  sensations.  Our  further  study  will  take  up 
in  detail  the  various  types  of  organization  of  the  indi- 
rect or  ideational  forms  of  consciousness. 
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LANGUAGE 

The  question  of  the  origin  of  language  is  a question 
which  has  been  much  discussed  and  variously  answered 
from  the  earliest  times.  Language  is  so  distinctively 
a human  function  that  it  has  often  been  regarded  as  a 
special  endowment  of  man,  given  to  him  by  special 
creation. 

The  special  creation  theory  of  the  origin  of  language 
ignores,  however,  certain  facts  which  are  too  ob\dous 
to  be  set  aside.  It  ignores  the  fact  that  animals  have 
the  ability  to  make  certain  vocal  sounds  which  they 
utilize  for  purposes  of  communication  with  each  other. 
We  cannot  explain  how  it  is  that  animals  have  modes 
of  expression  so  closely  related  to  human  language  mth- 
out,  at  the  same  time,  recognizing  the  natural  origin 
of  language  itself.  Furthermore,  the  processes  of 
human  expression  are  constantly  undergoing  changes 
and  developments  which  are  so  natural  and  so  definite 
in  their  character  that  it  seems  improbable  that  lan- 
guage ever  failed  to  exhibit  development.  If  the  prin- 
ciples under  which  language  as  we  know  it  is  develop- 
ing, can  be  ascertained,  it  is  reasonable  to  project 
these  laws  back  of  the  historical  period  and  to  assume 
that  the  beginnings  of  language  were  also  under  the 
regular  laws  of  development.  The  creation  theor}' 
has,  therefore,  gradually  given  way  to  various  theories 
which  attempt  to  give  a naturalistic  explanation  of 
language. 

It  has  sometimes  been  held  that  language  origi- 
nated from  the  tendency  to  imitate  sounds.  This 
theory,  while  it  would  explain  certain  of  the  special 
forms  of  words,  cannot  give  any  adequate  account  of 
the  way  in  which  an  imitating  individual  develops  the 
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power  to  use  his  imitations  for  purposes  of  speech. 
There  are  a number  of  different  animals  that  are  capa- 
ble of  a wide  range  of  imitation,  but  they  have  never 
developed  a language,  as  has  man.  This  is  clear  evidence 
that  the  essence  of  language  is  not  to  be  found  in  imita- 
tion, but  rather  in  the  use  to  which  the  imitative  power 
is  put. 

It  has  also  been  suggested  that  language  developed 
out  of  the  interjections  which  man  naturally  used  in 
his  most  primitive  stage  of  development.  If  he  was 
astonished  by  any  sudden  stimulation,  he  naturally 
gave  forth  ejaculations  in  response  to  the  sudden 
excitation.  These  ejaculations,  it  is  said,  came  gradu- 
ally to  have  the  character  of  the  situations  to  which 
they  belonged  and  ultimatel}^  to  serve  the  purposes 
of  communication.  Here  again,  the  objection  to  the 
theory  is  not  that  it  seems  improbable  that  man  began 
with  simple  forms  of  expression,  but  the  theory  does 
not  explain  how  these  simple  forms  of  expression 
acquired  a meaning  and  importance  which  they  did  not 
have  at  the  beginning.  What  is  needed,  rather  than 
a formal  description  of  the  first  expressions  used  by 
primitive  man,  is  a consistent  psychological  explana- 
Uon  of  how'  the  ejaculations  came  to  have  significance 
for  mental  life  and  to  serve  as  the  vehicles  for  elaborate 
thought  processes. 

The  psychological  explanation  of  language  must 
begin  with  a general  reference  to  the  statements  made 
in  earlier  chapters.  Every  sensory  stimulation  arouses 
some  form  of  bodily  activity.  The  muscles  of  the 
organs  of  circulation  and  the  muscles  of  the  limbs, 
as  well  as  other  internal  and  external  muscles,  are 
constantly  engaged  in  making  responses  to  external 
stimuli.  Among  the  muscles  of  the  body  which 
with  the  others  are  involved  in  expressive  activities 
are  the  muscles  which  control  the  organs  of  respii’ation. 
There  can  be  no  stimulation  of  any  kind  which  does  not 
affect  more  or  less  the  character  of  the  movements  of 
inspiration  and  expiration.  In  making  these  general 
statements,  we  find  no  necessity  for  distinguishing 
between  the  animals  and  man ; so  far  as  the  general 
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facts  of  relation  between  sensations  and  expression  are 
concerned,  they  have  like  characteristics.  That  an 
air-breathing  animal  should  produce  sounds  through 
irregularities  in  its  respiratory  movements  when  it  is 
excited  by  an  external  stimulus,  especially  if  that 
stimulus  is  violent,  is  quite  as  natural  as  that  its 
hair  should  rise  when  it  is  afraid  or  that  its  muscles 
should  tremble  when  it  is  aroused  to  anger  or  to  flight. 

The  important  step  in  the  development  of  language 
is  the  acquirement  of  the  ability  to  use  the  movements 
of  the  vocal  cords  for  purposes  other  than  those  of 
individual  emotional  expression.  The  acquirement  of 
this  ability  is  a matter  of  long  evolution  and  depends 
in  its  first  stages  upon  imitation.  The  function  of  im- 
itation as  a means  of  communication  between  animals 
appears  as  soon  as  animals  begin  to  live  in  packs  or 
herds  or  other  social  groups. 

So  far  as  communication  through  imitation  is  con- 
cerned, there  is  no  reason  why  attention  should  be 
confined  exclusively  to  the  forms  of  activity  which 
result  in  sounds.  All  animals  imitate  the  activities 
of  other  members  of  their  species  on  a very  large  scale. 
The  stampede  of  a herd  of  cattle  is  an  excellent  illustra- 
tion of  the  importance  of  the  tendency  toward  imita- 
tion. The  frightened  animal  which  starts  the  stam- 
pede does  not  consciously  purpose  to  communicate  its 
fright  to  the  other  members  of  the  herd ; it  is  perform- 
ing a natural  act  of  its  individual  life.  Incidentally,  it 
affects  all  those  about  it  by  arousing  in  them  a \iolent 
form  of  imitative  activity.  The  stampeding  herd  ma}*^ 
have  no  consciousness  whatever  of  the  original  cause  of 
fear  in  one  of  its  members;  the  real  cause  of  the  stampede 
and  of  the  resulting  excitement  in  the  herd  is  the  ex- 
ample of  the  one  frightened  animal.  Thus  we  see  that 
the  activity  of  an  animal  takes  on,  because  of  the  re- 
action of  its  social  environment,  a significance  wliich 
the  original  act  never  could  have  had  unless  it  had 
been  imitated. 

What  is  true  of  activity  in  general  is  true  of  acti^'ities 
which  result  in  sounds.  The  sound  produced  bj’’  the 
activities  of  the  vocal  cords  can  impress  itself  readil^^ 


LANGUAGE 


251 


upon  the  ears  of  some  other  animal,  more  reaclil}'^  by 
far  than  the  visual  impression  of  trembling  or  of  general 
muscular  tension.  If,  now,  the  animal  which  hears  the 
sound  has  itself  produced  this  sound  or  one  closely 
resembling  it  in  quality  and  intensity,  there  will  be  a 
natural  tendencj’’  for  the  sound  stimulation  to  arouse  in 
the  second  animal  a sympathetic  response.  Witness 
the  tendency  of  all  of  the  dogs  in  a community  to  bark 
together  or  of  all  the  roosters  to  begin  crowing  to- 
gether when  one  gives  the  signal.  The  result  of  imi- 
tating the  sound  will  be  to  throw  the  imitating  animal 
into  an  emotional  state  very  similar  to  that  of  the 
animal  which  first  made  the  noise.  This  result  will 
be  more  likely  to  follow  if  the  two  animals  are  closely 
related  in  their  organization  and  t}^pes  of  activity. 
There  will  be  relatively  less  tendency  to  sympathize 
with  an  animal  of  entirely  different  organization  and 
habits,  for  the  activity  aroused  through  imitation  in 
the  listening  animal  will  not  agree  in  character  with  the 
activity  of  the  animal  which  sets  the  example.  Thus, 
one  can  judge  from  his  own  experience  that  there  is 
very  little  possibility  of  arousing  in  a human  being  the 
exact  state  which  appears  in  dogs  or  cats  through 
imitation  of  the  sounds  which  they  produce.  In  gen- 
eral, imitation  of  sound  is  valuable  as  a means  of 
arousing  S3mipathy  only  between  animals  sufficiently 
related  to  each  other  to  have  similar  modes  of  pro- 
ducing sound. 

Given  the  similarity  of  organization  which  makes 
imitated  sounds  significant,  we  have  a type  of  commu- 
nication provided,  which  is  widely  utilized  in  the  animal 
world.  The  food  calls  and  the  danger  signals  of  birds 
are  significant  to  other  members  of  the  flock.  Such 
calls  have  definite  natural  relations  to  the  organized 
responses  of  all  members  of  the  species.  It  is  to  be 
noted  that  the.se  calls  do  not  constitute  a language  in 
the  sen.se  in  which  human  sounds  constitute  a language, 
for  the  bird  calls  are  incapable  of  conveying  definite 
ideas,  such  as  ideas  of  the  kind  of  food  or  the  particular 
kind  of  danger  discovered  by  the  animal  which  makes 
the  souml.  The  sounds  serve  merely  to  arouse  certain 
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attitucle.s.  An  animal  can  fly  away  and  can  induce 
in  its  fellows  a like  tendency  to  fear  and  flight,  by 
means  of  cries  which  in  the  history  of  each  member  of 
the  flock,  have  been  a.ssociated  with  fear,  but  the 
animal  can  go  no  further  in  its  communications  than  to 
express  its  own  natural  tendencies  and  corresponding 
attitudes. 

There  are  stages  of  human  infancy  w'hich  are  closely 
related  to  the  stages  of  animal  life  thus  far  described. 
The  human  infant  does  not  at  first  make  sounds  as 
the  result  of  any  conscious  desire  to  communicate  its 
feelings  to  those  about  it,  much  le.ss  does  it  u.se  its 
sounds  for  verbal  discussion  of  the  details  of  its  con- 
scious experiences.  The  infant  makes  noises  exactly 
as  it  swings  its  arms  and  legs,  because  the  muscular 
contractions  which  produce  the.se  noises  are  instinctive 
motor  expressions  related  through  heredity  to  the 
stimuli  which  arouse  them.  Later  there  appears  a 
strong  tendency  to  imitate  others  of  its  own  kind,  and 
this  imitation  may  serve  to  put  the  infant  in  some 
contact  with  its  social  environment,  and  give  it  a me- 
dium of  communication  comparable  in  character  to  that 
which  we  find  in  animals.  This  is  not  language,  how- 
ever, for  imitation  alone  is  not  enough  to  develop 
language.  Further  processes  must  take  place  before 
the  full  development  is  effected. 

While  imitation  applies  to  many  different  forms  of 
activity,  such  as  those  of  the  limbs  or  face,  a moment’s 
consideration  will  make  it  clear  that  the  activities  which 
produce  sounds  have  a number  of  unique  advantages 
as  vehicles  of  imitative  communication.  The  ability 
to  produce  sounds  depends  largely  upon  the  animal 
itself  and  very  little  upon  external  conditions.  Con- 
trast sound  with  visual  impressions.  Visual  impres- 
sions are  cut  off  in  the  dark;  they  are  cut  off  bv 
intervening  objects,  and  by  a turning  of  the  head  of 
the  observer.  Sounds  travel  wherever  there  is  air; 
they  are  as  easy  to  produce  in  the  darkness  as  in  day- 
light; they  can  easily  be  varied  in  intensity.  For  these 
reasons  they  come  to  be  the  chief  means  of  social  com- 
munication, even  among  the  animals.  The  result  is 
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that  the  vocal  cords  and  the  ability  to  discriminate 
sounds  are  highly  developed  long  before  the  develop- 
ment of  language  proper. 

The  advance  which  human  language  makes  beyond 
animal  communication  consists  in  the  fact  that  human 
language  relates  sounds  to  ideas  as  well  as  to  emotional 
attitudes.  How  man  came  to  take  this  step  cannot 
be  understood  apart  from  the  general  fact  that  in  every 
respect  human  mental  development  was  and  is  of  the 
ideational,  rather  than  of  the  direct  perceptual  type. 

The  inquir}^  is  involved  at  this  point  in  a perplexing 
circle.  Human  mental  processes  as  we  know  them  are 
intimately  related  to  language.  Even  when  we  think 
about  our  own  most  direct  experiences,  we  use  words. 
When  we  enlarge  our  associations,  we  usually  do  so 
with  the  aid  of  words.  Yet  these  words  do  not  seem 
at  all  e.xplicable  except  when  we  assume  complex  idea- 
tional processes  as  the  necessary  conditions  for  their 
development  and  interpretation.  Did  human  mental 
advance  result  from  the  development  of  language,  or 
did  language  result  from  the  development  of  associa- 
tional  processes?  The  only  answer  to  this  question  is 
to  say  that  language  and  ideational  processes  developed 
together  and  are  necessary  to  each  other.  So  long  as 
animals  were  absorbed  in  direct  responses  to  the  de- 
mands of  their  environment,  their  mental  complexes 
were  of  a direct,  primitive  type,  and  stimulations  issued 
into  direct  motor  channels  with  relative!}^  little  pos- 
sibilit}’  of  ideational  organization.  As  soon  as  a t}qie 
of  response  developed  which  was  indirect,  there  was  a 
complete  change  in  the  general  mode  of  l)odily  and 
conscious  organization.  Attention  was  turned  to  many 
objects  in  the  environment  which  had  at  an  earlier 
stage  little  or  no  value  for  individual  life,  because  there 
was  no  appropriate  mode  of  direct  activity  which  could 
be  applied  to  them.  Speech  is  a universal  mode  of 
expressive  reaction  and  makes  it  possible  for  one  who 
posses.ses  it  to  react  in  discriminating  fashion  upon  any- 
thing. Thus,  if  one  has  different  names  for  two  objects 
which  resemble  each  other  closely,  he  will  be  aided  in 
discriminating  them  through  the  use  of  the  different 
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verl)al  reactions  to  them.  Speech  is,  according!}',  both 
a product  of  ideation  and  an  aid  to  its  development. 

Nothing  can  emj)hasize  the  fact  that  language  is 
related  to  indirect  ideational  processes  more  than  the 
selection  of  the  vocal  cords  for  the  e.xecution  of  speech 
reactions.  The  vocal  cords  are,  more  than  any  other 
active  organs,  wholly  u.seless  for  direct  acJaptations. 
Those  natural  expressive  gestures  which  were  common 
among  primitive  men  very  soon  gave  way  as  means  of 
communication  after  the  development  of  movements 
of  articulation.  The  reason  for  this  is  clear  in  view  of 
the  fact  that  the  hands  and  gros.ser  muscles  are  con- 
stantly in  use  in  the  direct  practical  activities  of  life. 
When  two  individuals  wish  to  communicate  with  each 
other,  it  is  often  extremely  inconvenient  to  saspend 
all  other  activity,  to  lay  down  w'hat  one  may  be  carry- 
ing, to  come  where  one  may  be  clearl}'  seen,  for  the 
purpose  of  holding  a parley.  The  vocal  cords,  on  the 
other  hand,  are  not  required  for  the  practical  pur- 
poses of  life.  They  are  easily  disconnected  in  their 
action  from  the  general  mass  of  the  muscles  and,  there- 
fore, very  naturally  became  the  organs  for  a s\'stem  of 
responses  indirect  in  character  and  value  as  compared 
with  the  practical  responses  of  the  other  muscles. 

When  human  language  is  thus  viewed  as  a selection 
of  the  activities  of  the  vocal  cords  from  the  sum  total 
of  the  expressive  activities,  and  as  a series  of  associa- 
tions of  articulations  and  sounds  with  ideational  pro- 
cesses, it  becomes  evident  that  the  studies  of  language 
are  at  once  placed  upon  a naturalistic  foundation.  The 
various  forms  of  articulation  may  be  studied  exactly  as 
other  forms  of  reaction  are  studied.  The  habits  of 
articulation  in  an  individual  or  a race  are  recognized 
as  matters  of  motor  coordination.  The  special  forms 
of  words  are  matters  of  accidental  associations  and 
may  depend  on  the  greatest  variety  of  circumstances. 
Thus,  it  is  equally  possible  for  a word  to  originate  in 
the  imitation  of  a sound  produced  b}'  an  animal  or  b}' 
another  human  being,  or  in  an  ejaculation  which  is  a 
purely  personal  reaction.  The  source  of  the  sound  is 
of  no  great  importance;  the  association  into  which  the 
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sound  is  taken  up  is  what  rcmlers  it  significant.  The 
essential  conclusion  for  psychology  is  that  language  is  a 
s^’stem  of  indirect  social  forms  of  reaction,  associated 
with  complex  ideational  processes. 

The  transition  from  relatively  direct  perceptual 
processes  to  highly  organized  associational  j:>rpcesses, 
which  is  characteristic  of  all  language,  is  clearly  shown 
in  the  history  of  written  forms  of  language.  Further- 
more, the  record  of  the  development  of  writing  is  suffi- 
ciently accessible  to  make  it  a very  convenient  means 
of  illustrating  the  development  of  language. 

The  earliest  stages  of  writing  were  those  in  which 
pictographic  forms  were  used ; that  is,  a direct  picture 
was  drawn  upon  the  writing  surface,  reproducing  as 
nearly  as  possible  the  kind  of  impression  made  upon 
the  observer  b}^  the  object  itself.  To  be  sure,  the  draw- 
ing used  to  represent  the  object  was  not  an  exact  re- 
production or  full  copy  of  the  object,  but  it  was  a fairly 
direct  image.  The  visual  memory  image  was  thus  aroused 
by  a direct  perceptual  appeal  to  the  eye.  Any  one  could 
read  a document  written  in  this  pictographic  form,  if 
he  had  ever  seen  the  objects  to  which  the  pictures 
referred.  There  was  no  special  relation  between  the 
pictures  or  visual  forms  at  this  stage  of  development 
and  the  sounds  used  in  articulate  language.  Concrete 
examples  of  such  writing  are  seen  in  early  monuments, 
where  the  moon  is  represented  by  the  crescent,  a king 
by  the  drawing  of  a man  wearing  a crown. 

The  next  stage  of  development  in  writing  began 
when  the  pictographic  forms  were  reduced  in  com- 
ple.xit}'  to  the  simplest  possible  lines.  The  reduction 
of  the  picture  to  a few  sketchy  lines  depended  upon 
the  growing  ability  of  the  reader  to  contribute  the 
necessary  interpretation.  All  that  was  needed  in  the 
figure  was  something  which  would  suggest  the  full 
picture  to  the  mind.  Indeed,  it  is  probably  true  that 
the  full  picture  was  not  needed,  even  in  the  reader’s 
consciousness.  As  we  have  seen  in  our  earlier  discus- 
sion of  memory,  memory  images  are  usually  much 
simplified  reproductions  of  the  perceptual  facts.  In 
writing  we  have  a concrete  expression  of  this  tendency 
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of  memory  to  lose  its  full  reproductive  form,  and  to 
become  reduced  to  the  point  of  the  most  meager  con- 
tents for  conscious  thought.  The  simplification  of  the 
written  forms  is  attained  very  early,  and  is  seen  even 
in  the  figures  which  are  u.sed  by  savage  tribes.  Idius, 
to  represent  the  number  of  an  enem}''s  army,  it  is  not 
necessary  to  draw  full  figures  of  the  forms  of  the  enemy ; 
it  is  enough  if  single  straight  lines  are  drawn  with  some 
brief  indication,  perhaps  at  the  beginning  of  the  series 
of  lines,  to  show  that  these  stand  each  for  an  individual 
enemy.  This  simplification  of  the  drawing  leaves  the 
written  symbol  with  very  much  larger  po.ssibilities  of 
entering  into  new  relations  in  the  mind  of  the  reader. 
Instead,  now,  of  being  a specific  drawing  related  to  a 
specific  object,  it  invites  by  its  simple  character  a 
number  of  different  interpretations.  A straight  line, 
for  example,  can  represent,  not  only  the  number  of  an 
enemy’s  army,  but  it  can  represent  also  the  number 
of  sheep  in  a flock,  or  the  number  of  tents  in  a village, 
or  anything  else  which  is  capable  of  enumeration.  The 
use  of  a straight  line  for  these  various  purposes  stimu- 
lates new  mental  developments.  This  is  shown  by  the 
fact  that  the  development  of  the  idea  of  the  number 
relation,  as  distinguished  from  the  mass  of  possible 
relations  in  which  an  object  may  stand,  is  greatl}'  facili- 
tated by  this  general  written  s3^mbol  for  numbers.  The 
intimate  relation  between  the  development  of  ideas  on 
the  one  hand  and  the  development  of  language  on  the 
other  is  here  very  strikingly  illustrated.  The  drawing 
becomes  more  useful  because  it  is  associated  with  more 
elaborate  ideas,  while  the  ideas  develop  because  the.v 
find  in  the  drawing  a definite  content  which  helps  to 
mark  and  give  separate  character  to  the  idea. 

As  soon  as  the  drawing  began  to  lose  its  significance 
as  a direct  perceptual  reproduction  of  the  object  and 
took  on  new  and  broader  meanings  through  the  asso- 
ciations which  attached  to  it,  the  written  form  became 
a symbol,  rather  than  a direct  appeal  to  visual  memory. 
As  a symbol  it  stood  for  something  which,  in  itself,  it 
was  not.  The  way  was  thus  opened  for  the  written 
symbol  to  enter  into  relation  with  oral  speech,  which 
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is  also  a form  of  symbolism.  Articulate  sounds  are 
simplified  forms  of  experience  capable  through  associa- 
tion with  ideas  of  expressing  meanings  not  directly 
related  to  the  sounds  themselves.  When  the  written 
symbol  began  to  be  related  to  the  sound  symbol,  there 
was  at  first  a loose  and  irregular  relation  between  them. 
The  Egyptians  seem  to  have  established  such  relations 
to  some  extent.  The}'-  wrote  at  times  with  pictures 
standing  for  sounds  as  we  now  write  in  rebus  puzzles. 
In  such  puzzles  the  picture  of  an  object  is  intended 
to  call  up  in  the  mind  of  the  reader,  not  the  special 
group  of  ideas  appropriate  to  the  object  represented 
in  the  picture,  but  rather  the  sound  which  serves 
as  the  name  of  this  object.  When  the  sound  is  once 
suggested  to  the  reader,  he  is  supposed  to  attend  to 
that  and  to  connect  with  it  certain  other  associations 
appropriate  to  the  sound.  To  take  a modern  illustra- 
tion, we  may,  for  example,  use  the  picture  of  the  eye 
to  stand  for  the  first  personal  pronoun.  The  relation- 
ship between  the  picture  and  the  idea  for  which  it  is 
used  is  in  this  case  through  the  sound  of  the  name  of 
the  object  depicted.  That  the  early  alphabets  are  of 
this  type  of  rebus  pictures  appears  in  their  names. 
The  first  three  letters  of  the  Hebrew  alphabet,  for 
example,  are  named  respectively,  aleph  which  means 
ox,  beth  which  means  house,  and  gimmel  which  means 
camel. 

The  complete  development  of  a sound  alphabet  from 
this  type  of  rebus  writing  required,  doubtless,  much 
experimentation  on  the  part  of  the  nations  which 
succeeded  in  establishing  the  association.  The  Phoe- 
nicians have  generally  been  credited  with  the  invention 
of  the  forms  and  relations  which  we  now  use.  Their 
contribution  to  civilization  cannot  be  overestimated. 
It  consisted,  not  in  the  presentation  of  new  material 
or  content  to  conscious  experience,  but  rather  in  the 
bringing  together  by  association  of  groups  of  contents 
which,  in  their  new  relation,  transformed  the  whole 
process  of  thought  and  expression.  They  associated 
visual  and  auditory  content  and  gave  to  the  visual 
factors  a meaning  through  association  which  was  of 
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such  unique  importance  a.s  to  justify  us  in  describing 
the  association  as  a new  invention. 

There  are  certain  systems  of  writing  which  indicate 
that  the  type  of  relationship  w'hich  w’e  use  is  not  the 
only  possible  type  of  relationship.  The  Chinese,  for 
example,  have  continued  to  u.se  simple  symbols  which 
are  related  to  complex  sounds,  not  to  elementary 
sounds,  as  are  our  own  letters.  In  Chine.se  writing,  the 
various  symbols,  though  much  corrupted  in  form,  stand 
each  for  an  object.  It  is  true  that  the  forms  of  Chine.se 
writing  have  long  since  lost  their  direct  relationship  to 
the  pictures  in  which  they  originated.  The  pre.sent 
forms  are  simplified  and  symbolical.  So  free  has  the 
symbolism  become,  that  the  form  has  been  arbitrarily 
modified  to  make  it  possible  for  the  writer  to  ase  freely 
the  crude  tools  with  which  the  Chinaman  does  his 
writing.  These  practical  considerations  could  not  have 
become  operative,  if  the  direct  pictographic  character 
of  the  symbols  had  not  long  since  given  place  to  a 
symbolical  character  which  renders  the  figure  important, 
not  because  of  what  it  shows  in  itself,  but  rather  be- 
cause of  what  it  suggests  to  the  mind  of  the  reader. 
The  relation  of  the  symbol  to  elementary  sounds  has, 
however,  never  been  established.  This  lack  of  asso- 
ciation with  elementary  soimds  keeps  the  Chinese 
writing  at  a level  much  lower  and  nearer  to  primitive 
pictographic  forms  than  is  our  writing. 

Whether  we  have  a highly  elaborated  symbolical 
S3^stem,  such  as  that  which  appears  in  Chinese  writing, 
or  a form  of  writing  which  is  related  to  sound,  the 
chief  fact  regarding  writing,  as  regarding  all  language, 
is  that  it  depends  for  its  value  very  much  more  upon 
the  ideational  relations  into  which  the  S}anbols  are 
brought  in  the  individual’s  mind  than  upon  the  im- 
pressions which  they  arouse.  No  clearer  illustration 
could  be  given  of  the  fact  that  the  experiencing  indi- 
vidual builds  up  a s}'^stem  of  associations  which  are 
essentially  indirect,  rather  than  sensorj"  or  perceptual. 

The  ideational  associations  which  appear  in  developed 
language  could  never  have  reached  the  elaborate  form 
which  they  have  at  present,  if  there  had  not  been  social 
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cooperation.  The  tendency  of  the  individual  when  left 
to  himself  is  to  drop  back  into  the  direct  adjustments 
which  are  appropriate  to  his  own  life.  He  might  pos- 
sibly develop  articulation  to  a certain  extent  for  his 
own  sake,  but  the  chief  impulse  to  the  development  of 
language  comes  through  intercourse  with  others.  As 
we  have  seen,  the  development  of  the  simplest  forms 
of  communication,  as  in  animals,  is  a matter  of  social 
imitation.  Writing  is  also  an  outgrowth  of  social  rela- 
tions. It  is  extremely  doubtful  whether  even  the  child 
of  civilized  parents  would  ever  have  any  sufficient 
motive  for  the  development  of  writing,  if  it  were  not 
for  the  social  encouragement  which  he  receives. 

Furthermore,  we  depend  upon  our  social  relations, 
not  merely  for  the  incentives  to  the  development  of 
language,  but  also  for  the  particular  forms  of  associa- 
tion which  oral  and  written  language  shall  take.  It  is 
much  more  convenient  for  a child  born  into  a civilized 
community  to  adapt  himself  to  the  complex  symbolism 
which  he  finds  in  the  possession  of  his  elders  than  to 
develop  anything  of  the  sort  for  himself.  It  is  true 
that  tendencies  exist  early  in  life  toward  the  develop- 
ment of  individual  forms  of  exj^ression.  A child  fre- 
ciuently  uses  a certain  sound  in  a connection  which 
cannot  be  explained  by  reference  to  social  usage.  It 
may  be  a purely  individual  combination,  or  a crude 
effort  to  adopt  something  which  has  been  suggested  by 
the  environment.  This  tendency  to  give  sounds  a 
meaning  might  prove  sufficient  to  work  out  a kind  of 
language,  even  if  the  individual  were  entirely  isolated 
from  his  fellows;  but  the  natural  tendencies  are  very 
early  superseded  by  the  stronger  tendencies  of  social 
imitation,  and  in  the  end  the  social  system  completely 
dominates  individual  development. 

In  adopting  the  forms  of  expression  used  by  those 
about  us,  we  are  led  to  take  up  certain  general  social 
forms  of  thought  which  ultimately  control  the  whole 
mental  life.  The  effect  of  this  social  influence  is  so 
far-reaching  that  it  is  quite  proper  to  say  that  an  in- 
dividual is,  in  a very  large  measure,  the  creation  of  his 
social  relations,  at  least  in  the  higher  phases  of  his 
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mental  life.  The  fundamental  form,s  of  direct  activity, 
which  constitute  the  personal  habits  by  which  we  have 
succeeded  in  adapting  ourselves  to  the  demands  of 
the  physical  world,  are  to  a certain  extent  unsocial. 
They  are,  to  be  sure,  alike  in  different  individuals  be- 
cause they  have  grown  up,  as  was  shown  in  our  earlier 
discussion,  under  the  demands  of  a common  physical 
environment.  Our  forms  of  space  perception,  for  ex- 
ample, are  not  the  creations  of  our  own  individual 
caprice,  but  rather  the  arrangement  which  we  have 
given  our  sensory  experiences  in  our  effort  to  fit  our- 
selves to  a world  which  dictates  the.se  space  relations 
to  us.  The  community  of  social  ideas  expre.s.sed  in 
language  is  of  a different  type.  Even  the  direct,  rela- 
tively unsocial  forms  of  perception  are  influenced  by 
these  higher  social  forms  of  thought.  If,  for  example, 
there  is  no  word  in  a certain  social  environment  for 
long  spatial  distances  except  a word  which  refers  to  a 
certain  number  of  days’  journeys,  it  is  not  likely  that 
the  individual  will  feel  any  tendency  to  discriminate 
fifteen  miles  from  seventeen.  His  attitude  in  this  mat- 
ter will  be  determined  by  the  attitude  of  his  social 
environment,  and  he  will  neglect  in  his  thought,  as  do 
those  about  him,  the  finer  details  of  distance.  Simi- 
larly, if  there  are  no  names  for  certain  forms  of 
property  rights,  it  is  not  likely  that  the  individual 
will,  of  his  own  initiative,  recognize  these  forms  of 
right  as  belonging  to  others. 

The  history  of  thought  has  been,  in  large  measure, 
the  history  of  the  development  of  certain  social  ideas 
which  could  be  marked  with  definite  names  and  made 
subjects  of  thought,  because  they  were  so  marked. 
Consider  for  a moment  the  difficulties  which  would  be 
experienced  in  conducting  an}'-  train  of  thought  with 
regard  to  the  forces  of  physical  nature,  if  there  were 
no  names  for  the  different  forces  and  no  full}'  developed 
definitions  to  give  each  name  clearly  recognized  char- 
acter. If  it  is  true  in  a general  way  that  general 
tendencies  of  thought  have  been  dependent  upon  the 
development  of  words  to  express  ideas,  it  is  still  more 
true  in  the  case  of  the  individual  that  his  mental 
tendencies  are  very  largely  determined  by  the  forms 
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of  social  thought  expressed  in  words.  A child  who  has 
had  his  attention  called  to  certain  colors  and  who  is,  at 
the  same  time,  given  a name  for  these  colors,  is  more 
likely  to  identify  them  in  later  experience  than  if  no 
name  had  been  given.  The  name  serves  as  an  incentive 
to  the  concentration  of  attention  upon  a particular 
phase  of  e.xperience  which  would  otherwise  be  lost  in 
the  general  mass  of  sensations.  Without  the  word,  the 
possibility  of  dwelling  upon  the  single  phase  of  ex- 
perience in  thought  would  be  small.  This  is  the  reason 
why  the  retention  of  facts  in  memory  is  so  closely 
related  to  the  naming  of  objects.  Some  experimental 
evidence  can  be  adduced  to  show  that  names  are  of 
great  importance  in  this  respect.  If  one  is  confronted 
with  a large  number  of  pieces  of  gray  paper  ranging 
from  black  to  white,  and  is  asked  to  discriminate  as 
many  of  these  different  grays  as  he  is  able  to  recognize 
with  certainty,  it  will  be  found  that  he  can  distinguish 
ordinarily  about  five  classes  of  gray  shades.  He  can 
distinguish  the  very  dark  from  those  which  are  medium 
dark,  the  very  light  from  those  that  are  medium  light, 
and  he  can  place  between  the  dark  and  the  light  grays 
a middle  shade  which  he  is  not  disposed  to  classify  as 
either  light  or  dark.  Beyond  this  fivefold  discrimina- 
tion, he  will  find  that  he  is  very  uncertain.  If,  now, 
after  making  this  test  under  ordinary  conditions,  the 
individual  is  allowed  to  examine  the  various  shades  of 
gray  and  to  adopt  a series  of  names  or  numbers  for 
them,  it  will  be  found  that  he  can  notably  increase  the 
range  and  certainty  of  his  discrimination.  The  names 
furnish,  as  stated  above,  definite  means  of  concen- 
trating attention  upon  slight  differences  which  existed 
from  the  first,  but  were  not  noted  in  exjDerience.  Fur- 
thermore, when  these  slight  differences  have  been  dis- 
criminated and  marked  by  the  attachment  to  them  of 
definite  names,  they  become  permanent  additions  to 
the  individual’s  equipment  and  can  be  retained  more 
ea.sily  than  they  could  be  as  mere  unnamed  sensation 
qualities. 

One  of  the  best  illustrations  of  the  significance  for 
mental  life  of  the  creation  of  a terminology  is  found  in 
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the  ca.se  with  which  a developed  individual  use.s  num- 
bers. In  general,  it  may  be  said  that  primitive  languages 
have  only  a very  meager  number  terminology.  Savage 
tribes  have  frequently  been  known  to  have  no  number 
terminology  reaching  above  ten,  and  in  some  ca.ses 
tribes  have  been  reported  with  a number  terminology 
not  reaching  beyond  three.  There  are  certain  forms 
of  direct  perceptual  experience  which  can  be  utilized 
up  to  a certain  point  instead  of  the  developed  number 
system  which  we  now  have.  If  a herdsman  has  a herd 
of  cattle  for  a period  long  enough  to  become  acquainted 
with  its  individual  members,  he  can  recognize  the  size 
of  the  herd  by  recalling  the  individuals  which  make  it 
up.  If  one  has  material  possessions  which  can  be  heaped 
together,  he  will  come  to  estimate  his  wealth  directly 
through  the  general  impre.ssion  made  upon  him  by 
collecting  all  of  his  wealth  at  a single  point.  As  soon 
as  the  direct  recollection  of  each  individual  pos.session 
came,  in  the  development  of  human  wealth,  to  be  too 
cumbersome  a form  of  representation,  and  the  collective 
image  became  too  vague  to  be  relied  upon,  man  naturally 
endeavored  to  devise  a method  of  recording  his  property 
and  retaining  it  in  consciousness  in  some  simplified 
form.  Instead  of  trying  to  remember  ever}”-  one  of  his 
possessions,  he  adopted  some  system  of  tally.  At  first 
he  began  counting  off  on  his  fingers  each  different 
article  which  he  wished  later  to  be  able  to  recognize, 
or  he  adopted  in  some  cases  one  of  the  more  elaborate 
methods  found  among  savages  who  use  pebbles  or 
shells.  The  Latin  root  which  appears  in  our  word 
" calculate  ” and  all  related  words  is  the  word  for  pebble, 
and  indicates  that  the  early  forms  of  enumeration 
among  the  Romans  consisted  in  the  use  of  pebbles. 

As  soon  as  the  system  of  enumeration  became  com- 
plex, there  naturally  arose  the  necessity  for  grouping 
the  tallies  so  that  they  could  be  easily  sur\’e}'ed.  The 
method  of  grouping  the  tally  marks  in  a system  con- 
venient for  recognition  is  suggested  b}’’  the  five  fingers 
on  the  hand,  and  this  is  often  adopted,  even  by  savage 
peoples.  A clear  indication  that  this  grouping  ap- 
peared in  the  natural  tally  s3'stems  can  be  seen  in  the 
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symbols  used  by  the  Romans  to  indicate  numbers,  for 
in  this  system  the  number  five  and  the  number  ten 
are  crucial  points  in  the  notation,  and  show  the  adop- 
tion of  a new  group  symbol  to  include  many  individual 
symbols  in  a more  compact  form. 

As  the  number  system  was  worked  out  into  a system  Number 
of  major  and  minor  groups,  there  was  a tendency  to 
develop  a system  of  articulation  directly  related  to  the  ti>e  system 
tally  system.  Number  of  the  primitive  tally  form  piX.^ 
probably  developed  just  as  did  writing,  without  refer- 
ence to  speech.  The  creation  of  words  which  should 
e.xpress  number  was  slow,  as  indicated  by  reference  to 
savage  language,  because  in  this  case  the  symbolical 
system  needed  to  develop  to  a high  degree  before  the 
demand  for  corresponding  articulation  was  felt.  As 
soon  as  the  demand  for  articulation  became  sufficiently 
pressing,  the  words  appeared,  and  they  show  distinctly 
in  their  character  the  tendency  toward  groups.  Further 
than  this,  the  names  for  successive  tallies  came  to  be 
the  means,  not  only  of  referring  to  individual  marks, 
but  also  of  referring  to  the  serial  arrangement  of  these 
marks.  Thus,  the  names  one,  two,  three,  etc.,  are  not 
significant  merely  as  names  of  tally  marks;  they  have 
also  each  its  special  significance  as  the  name  of  a special 
position  in  the  total  series. 

The  advantage  to  the  child  who  finds  a complete  The  de- 
number terminology  developed  is  very  great.  The  ofanth-°*^ 
more  perfect  this  terminology  for  purposes  of  express-  metic  de- 
ing  quantitative  relations,  the  more  complete  and  rapid  aXppX 
will  be  his  initiation  into  the  forms  of  thought  which 
the  terminology  exj^resses.  The  historical  illustration  numerals, 
of  this  fact  is  to  be  found  in  the  acceptance  by  Euro- 
pean nations  of  a system  of  notation  which  was  imported 
from  the  East  in  the  Renaissance  period.  The  written 
number  symbols  which  had  been  used  by  the  Romans 
were  crude,  and  rendered  any  forms  of  arithmetical 
manipulation  extremely  difficult.  The  Arabic  system 
was  so  much  more  complete  and  economical  that  it 
immediately  took  the  place  of  the  older  and  cruder 
symbolism.  How  long  it  would  take  an  individual 
child  to  acquire  independently  anything  like  the 
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mathematical  ability  which,  with  the  aid  of  his  social 
environment,  he  acquires  through  the  adoption  of  the 
developed  Arabic  numljer  system,  can  hardly  be 
imagined.  Certain  it  is  that  his  forms  of  thought  are 
now  dominated  by  the  social  system  into  which  he  is 
born,  and  this  system  was  in  turn  borrowed  in  tolo  from 
non-European  nations. 

There  is  in  this  acceptance  of  the  social  system,  not 
only  an  economy  which  operates  to  the  advantage  of 
the  individual,  but  there  is  the  additional  fact  that  the 
individual  becomes  thereby  a part  of  the  social  whole 
in  a fashion  which  is  significant  for  society  as  well 
as  for  himself.  We  are  bound  together  as  intelligent 
beings  by  the  common  S3^stems  of  tradition  and  language 
to  a degree  which  makes  us  no  longer  centers  of  merely 
individual  adaptation,  but  rather  parts  of  a general 
organization  which  has  a certain  unity  and  exercises  a 
dominating  influence  over  many  individuals.  This  so- 
cial unity  perpetuates  in  this  way  customs  and  practices 
so  that  we  have,  in  addition  to  the  bodily  structures 
which  we  inherit,  a social  heredity  which  guides  us  in 
the  activities  of  personal  life.  Language  is  the  chief 
medium  for  this  social  heredity. 

It  is  in  connection  with  the  development  of  social 
institutions  that  we  find  the  most  radical  changes  in 
human  language.  If  an  individual  comes  upon  a new 
idea  and  coins  a new  word  for  its  expression,  the  new 
word  gains  standing  and  comes  to  be  a part  of  the 
permanent  language  of  the  communit}'’  only  when  others 
feel  the  same  necessity  as  the  inventor  of  the  word  for 
this  new  means  of  expression.  When,  therefore,  we 
have  a long  history  of  variations  in  an}’’  word,  we  ma}^ 
depend  upon  it  that  there  has  been  a corresponding 
series  of  social  as  well  as  of  individual  experiences 
related  to  the  word.  The  detailed  history  of  words  is, 
therefore,  a detailed  history  of  individual  mental  atti- 
tudes toward  the  world,  and  at  the  same  time  a de- 
tailed history  of  the  social  relations  in  which  individuals 
have  joined. 

It  will  not  be  in  place  in  this  connection  to  enter 
into  any  elaborate  linguistic  studies,  but  one  illustra- 
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tion  may  be  used  to  indicate  something  of  the  char- 
acter of  the  psychological  and  social  study  which  grows 
out  of  the  history  of  words.  In  his  English  Past  and 
Present,  Trench  gives  an  account  of  the  development 
of  the  word  “gossip.”  This  word  was  originally  used  at 
baptismal  ceremonies  and  referred  to  the  sponsor  who 
stood  for  the  child  in  a way  analogous  to  that  in  which 
to-day  the  god-parent  stands  as  sponsor  for  the  child. 
The  first  three  letters  of  the  word  “ gossip  ” are  derived 
directly  from  the  word  “ God,”  and  the  second  part  of  the 
word,  namely,  “ sip,”  is  a modification  of  the  word 
“sib,”  which  is  even  no,w  used  in  Scotland  to  indicate 
a relative.  When  the  social  institution  of  baptism  was 
a matter  of  larger  community  significance  than  it  is 
to-day,  the  word  was  needed  to  express  the  relation- 
ship of  the  individuals  involved  in  the  ceremony;  but 
being  a general  form  of  expression  rather  than  an  image 
of  a particular  individual,  it  came  easily  to  refer  to 
other  phases  of  social  contact  than  that  which  was 
primaril}'^  thought  of  in  connection  with  the  baptismal 
ceremony  itself.  The  worthy  sponsors  of  the  child  un- 
questionably indulged,  even  in  the  early  days  of  the 
ceremon}',  in  certain  exchanges  of  information  with 
regard  to  other  members  of  the  community,  and  this 
social  function  which  the  individual  served  was  very 
readily  connected  with  the  word  coined  to  refer  pri- 
marily to  the  religious  function.  As  the  religious  cere- 
mony came  to  be  less  and  less  elaborate,  and  there  was  a 
decreasing  demand  for  reference  to  the  religious  func- 
tion, the  word  gradually  drifted  over  to  the  second 
phase  of  meaning.  It  is  probably  true  that  the  aberra- 
tion of  form,  which  appears  in  softening  the  d in  God 
to  an  s,  made  this  transfer  of  meaning  easier.  Indeed, 
as  we  have  seen  at  various  points  in  our  discussions, 
words  become  true  .symbols  only  because  they  are  simpli- 
fied so  as  to  take  on  easily  new  types  of  relation.  Thus, 
the  word  “ go.ssip  ” ultimately  lost  its  original  mean- 
ing and  came  to  signify  something  which  it  signified 
only  very  vaguely  to  the  minds  of  those  who  first  used 
it.  Furthermore,  it  is  very  clear  that  this  transfer  of 
meaning  is  directly  related  to  the  development  of  the 
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social  institution  with  which  the  word  was  connected. 
The  mental  attitude  of  the  individual  who  uses  the 
word  to-day,  and  the  social  character  of  the  institution, 
are  both  entirely  different  from  the  attitude  and  institu- 
tion of  earlier  times. 

Other  illustrations  of  the  developments  which  take 
place  in  language  can  be  found  in  the  introduction  of 
new  words  with  new  inventions  and  new  discoveries  in 
science.  Once  the  habit  of  using  words  is  thoroughly 
established  in  a community  or  individual,  it  fur- 
nishes an  easy  method  of  marking  any  experience  which 
it  is  desired  to  consider  apart  from  the  general  setting 
in  which  that  experience  appears.  If  to-day  a civilized 
individual  wishes  to  think  of  a certain  relation  and 
consider  its  bearings  upon  all  of  the  factors  which  enter 
into  the  relation,  he  will  devise  some  word  or  phrase 
by  which  to  mark  the  relation  and  hold  it  clearly 
before  his  thought  while  he  considers  all  of  the  pos- 
sible bearings  of  this  relation.  There  comes  to  be  thus 
a system  of  experiences  which  we  are  justified  in  de- 
scribing as  constructed  in  consciousness  for  the  pur- 
pose of  guiding  attention;  these  constructs  have,  as 
contrasted  with  ordinary  mental  images,  ver}’  little  con- 
tent. Indeed,  the  reduction  of  the  content  of  thought 
to  the  lowest  possible  minimum  is  the  tendency  of  all 
mental  evolution.  The  child  has  undoubtedly  a fuller 
and  more  vivid  imagery  than  the  adult.  The  adult 
finds  as  he  learns  to  use  words  fluently  that  the  imager}' 
which  at  first  was  necessary  to  explain  them,  falls  away. 
The  result  is  that  great  ranges  of  thought  can  be  much 
condensed.  In  the  discussion  of  habits  it  was  shown 
that  as  experience 'becomes  more  completely  organized 
into  habits,  the  memory  content  and  even  the  sensor}' 
contents  receive  less  attention.  An  organized  attitude 
is  substituted  for  a complex  of  content  factors.  In 
somewhat  analogous  manner,  words  may  be  regarded 
as  means  of  epitomizing  consciousness,  while  they  permit 
the  highest  type  of  ideational  elaboration  of  experience. 
The  widest  variety  of  content  factors  may  be  related 
to  words;  that  is,  the  use  of  a word  is  often  culti- 
vated under  the  guiding  influences  of  concrete  content. 
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After  a time  the  concrete  memory  images  attached  to 
the  word  fade  out  and  leave  the  word  as  a substitute, 
as  a minimum  content  to  which  an  elaborately  organ- 
ized meaning  may  attach. 

When,  therefore,  we  ask  what  it  is  that  a person  thinks 
of  in  his  use  of  a word,  we  shall  certainly  go  astray  if 
we  attempt  to  answer  that  the  word  calls  up  all  of  the 
concrete  experiences  with  which  it  has  been  connected 
and  with  which  it  may  be  connected.  For  example, 
take  such  a word  as  “animal,”  and  let  the  reader  ask 
himself  what  presented  itself  in  consciousness  when  he 
first  observed  this  group  of  letters  on  the  page  before 
him.  It  would  be  still  better  if,  instead  of  choosing 
some  word  thrown  into  the  text  as  an  isolated  illustra- 
tion, we  should  ask  the  reader  to  give  an  account  of 
the  mental  experiences  through  which  he  passed  when 
he  observed  one  of  the  words  that  came  in  the  course 
of  the  general  discussion.  For  e.xample,  what  was  called 
up  a moment  ago  when  the  eye  passed  the  very  definite 
word  “text”?  The  answer  to  these  questions  with 
regard  to  the  content  of  consciousness  at  the  moment 
of  recognition  of  words  will  certainly  not  be  that  the 
mind  is  filled  with  trains  of  concrete  images. 

The  conscioasness  of  a word  has  sometimes  been  de- 
scribed as  a feeling  or  an  attitude,  and  such  a descrip- 
tion as  this  unquestionably  comes  nearer  to  the  truth 
than  does  the  explanation  of  meaning  through  images, 
which  has  sometimes  appeared  in  psychological  dis- 
cussions of  this  matter.  A general  term  such  as  “ ani- 
mal ” or  “text”  turns  the  thought  of  the  reader  in  one 
direction  or  the  other  without  filling  the  mind  with  defi- 
nite contents.  The  content  of  experience  arises  rather 
from  the  total  phrase  or  sentence;  the  single  word  in- 
dicates only  the  direction  in  which  this  content  is  to  be 
sought,  or  in  which  it  is  to  be  applied  in  some  future  stage 
of  mental  activity.  For  e.xample,  if  I say  that  all  ani- 
mals are  subject  to  man’s  dominion,  there  is  much  more 
of  attitude  in  the  whole  experience  than  there  is  content. 
We  look  down  upon  the  animals;  we  feel  their  inferiority; 
we  recognize  ourselves  as  ab()ve  them.  The  attitude 
of  mind  experienced  is  the  all-important  fact.  There 
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is  an  experience  of  personal  elation,  which  may  per- 
haps be  worked  out  into  imagery,  if  one  contemplates  it 
long  enough.  Thus,  one  may  turn  the  thought  into 
images  by  thinking  of  him.self  for  the  moment  as  the 
representative  man  looking  down  upon  the  animals 
gathered  as  he  saw  them  in  childhood  in  some  picture 
of  Adam  naming  the  animals.  But  all  this  concreteness 
in  one’s  description  of  the  animals  and  of  hintself  Is 
recognized  as  too  picturesque  to  be  true  to  ordinar}-^ 
experience.  We  can  stop  and  fill  out  the  attitude  with 
appropriate  imagery  if  we  like,  but  we  do  not  ordinarily 
do  so.  The  truer  statement  is  that  the  idea  comes  as 
a single  simple  attitude  and  prepares  one  to  go  on  from 
a position  of  superiority  to  some  appropriate  sequent 
relation.  The  value  of  the  words  lies  in  the  fact  that 
they  carry  experience  forward,  furnishing  only  so  much 
content  as  is  necessary  to  support  thought  without 
overloading  experience  with  all  the  detail. 

Again,  to  take  another  illustration  which  shows  that 
there  may  be  nicety  of  shading  in  our  thought  relations 
without  much  content.  If  we  use  such  a word  as 
“ savage,”  we  are  likely  to  take  an  attitude  of  superiority 
somewhat  analogous  to  that  taken  toward  the  animals, 
but  flavored  more  than  the  former  idea  with  a conces- 
sion of  equality.  Again,  if  we  speak  of  higher  beings, 
such  as  angels,  we  assume  an  entirel}^  different  attitude, 
without  necessarily  giving  ourselves  the  trouble  to  fill 
in  any  definite  content.  Indeed,  the  content  of  an}’^ 
thought  referring  to  the  higher  beings  is  recognized 
everywhere  as  more  or  less  of  a makeshift,  in  that  we 
fill  in  the  unknown  with  such  images  as  we  can  borrow 
from  ordinary  life,  the  images  being  S3unbols,  not  true 
representations. 

All  this  has  been  expressed  by  certain  ps^’chologists 
in  the  statement  that  general  ideas  are  in  essence  nothing 
but  dispositions  toward  activity.  Here  we  have  a 
formula  which  is  very  closely  related  to  the  formula 
which  we  derived  in  our  discussion  of  the  development 
of  memory  processes  into  percepts.  There  is,  un- 
doubtedly, something  of  development  toward  direct 
motor  habits  and  consequent  attitudes  in  connection 
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with  many  concrete  words.  It  is,  on  the  other  hand, 
probably  not  true  that  the  bodily  attitude  assumed 
when  we  think  of  the  word  animal  is  anything  like 
a complete  bodil}'’  attitude  such  as  would  be  assumed 
in  the  presence  of  animals  in  concrete  experience. 
The  mental  attitude  aroused  by  the  word  probably  has 
as  its  direct  physiological  parallel  a bodily  movement 
which  is  a much  reduced  resultant  of  earlier  direct  at- 
titudes. It  is  in  its  present  form  merely  a faint  rever- 
beration, significant,  not  for  direct  adaptation,  but 
merely  as  a step  in  the  development  of  a general  and 
perhaps  very  remote  form  of  activity.  The  present 
attitude  is  one  of  those  indirect  forms  of  human  adjust- 
ment which  render  the  experience  of  man  freer  and  more 
ideational  than  the  experience  of  the  animals.  The 
bodily  movement  in  such  cases  is  symbolical  and  tran- 
sient, assumed  merely  for  the  sake  of  carrying  the 
individual  forward  into  a more  complete  state  which 
lies  beyond.  The  matter  may  be  made  clear  by  con- 
sidering what  happens  when  by  means  of  words  one  is 
told  that  he  is  to  go  first  to  the  right  until  he  reaches 
a certain  place,  and  is  then  to  turn  toward  the  left 
and  go  straight  ahead.  There  are  clearly  certain  ten- 
dencies toward  direct  bodily  movements  aroused  by 
the  words  “right”  and  “left”  and  “ straight  ahead.” 
These  tendencies  toward  movement,  it  is  true,  are  not 
significant  as  present  adaptations  to  the  environment; 
they  are  significant  merely  because  they  give  the 
thinking  individual  a certain  tendency,  which  may, 
indeed,  work  itself  out  later  in  a much  more  fully 
developed  and  concrete  form,  but  is  at  present  a kind 
of  suppressed,  incipient  form  of  action.  If  one  has 
thought  out  a series  of  movements  toward  the  right 
and  left,  he  will  have  developed  within  himself  a form 
of  behavior  which,  on  the  presentation  of  the  appro- 
priate stimulation  in  the  form  of  the  sign-post  or  build- 
ing at  which  he  is  to  turn,  will  serve  as  a sufficient 
preliminary  organization  to  arouse  a significant  and 
concrete  form  of  behavior.  The  preliminary  thought 
attitude  and  faint  bodily  expression  serve,  therefore, 
in  a tentative  way  to  aid  subsequent  direct  adaptations. 
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If,  now,  we  choose  as  our  illustration,  not  words  of 
direction,  but  abstract  phrases,  such  as  the  phrases  by 
which  men  are  exhorted  to  patriotism,  obviously  the 
emotional  stirring  which  one  feels  as  the  result  of  these 
exhortations  is  by  no  means  adequate  to  explain 
the  true  significance  of  the  word  “ patriotism.”  A 
man  cannot  become  truly  patriotic  by  going  through 
the  inner  stirrings  which  this  word  arouses.  Indeed, 
in  not  a few  cases  vague  emotional  respon.ses  inhibit 
rather  than  promote  the  development  of  true  inter- 
pretations. The  trouble  with  the  emotional  response 
lies,  not  in  the  fact  that  it  is  emotional,  but  in  the 
impossibility  of  its  expressing  the  significance  which 
the  word  must  carry.  Such  an  abstract  term  as  that 
under  discussion  can  be  made  potent  for  direct  bodily 
organization  only  when  it  is  supplied  through  proper 
settings  with  some  definite  and  final  purpose  of  an 
active  kind.  The  final  purpose  will  then  be  like  the 
concrete  words  ''  left”  and  “right.”  The  abstract  word 
taken  alone  is  the  expression  of  a relation.  If  it  is 
treated  as  a final  factor  of  experience,  it  will  dissipate 
itself  in  vague  emotional  reactions. 

To  take  still  another  illustration,  — if  in  the  course  of 
a scientific  discussion  one  is  told  that  a certain  problem 
needs  very  much  to  be  investigated,  the  word  “ problem  ” 
will  arouse  within  the  individual  some  kind  of  a re- 
sponsive attitude  which  can  be  described  in  a general 
way  as  an  attitude  of  hesitation,  of  turning  hither  and 
thither  in  the  search  for  a solution.  But  the  conscious 
process  will  be  more  than  the  attitude  of  hesitation 
and  turning,  for  it  will  have  a form  and  significance 
determined  by  the  whole  train  of  ideas  into  the  midst 
of  which  this  attitude  of  hesitation  and  turning  is 
injected.  Thus,  if  the  problem  is  in  geology,  the  atti- 
tude of  inquiry  will  be  ver}'-  different  from  that  which 
would  be  assumed  if  the  train  of  thought  related  to 
astronomy.  We  may,  therefore,  speak  of  the  attitude 
aroused  by  the  word  “problem”  as  wholly  relational 
in  its  character.  Another  way  of  expressing  the  mat- 
ter is  to  say  that  the  attitude  is  in  the  world  of  ideas 
for  the  time  being,  rather  than  in  the  world  of  practical 
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adjustments.  We  mean  by  such  statements  as  these, 
that  the  attitude  is  merely  a temporary  step  in  the 
process  of  ideational  organization,  it  is  not  an  imme- 
diate and  present  form  of  behavior.  It  is  an  indirect 
and  elaborate  phase  of  adaptation;  it  has  value  and 
significance  because  of  the  turn  which  it  gives  to  the 
ideational  process,  rather  than  because  of  the  concrete 
imagery  or  bodil}’’  activity  which  attach  to  the  word. 

This  gives  us  a good  opportunity  to  make  as  sharp 
and  clear  a distinction  as  possible  between  the  forms 
of  nervous  organization  which  are  related  to  direct 
physiological  activity,  and  those  forms  of  organization 
which  contribute  chiefly  or  only  to  purely  ideational 
processes.  One  may  say  that  in  complex  relational 
processes  stimulations  are  for  a time  held  in  the  re- 
organizing centers  and  are  readjusted  on  the  way  to 
the  motor  discharge.  The  more  elaborate  the  forms 
of  organization,  the  more  there  will  be  delay  and  re- 
adjustment in  the  nervous  process.  The  advantage  of 
readjustment  is  that  opportunity  is  thus  offered  for  a 
given  simple  tendency  to  be  combined  with  other 
tendencies  before  issuing  in  behavior.  Consciousness 
of  the  relational  or  ideational  type  is  thus  seen  to  be 
related  to  an  intermediate  process  of  reorganization 
and  rearrangement  which  goes  on  whenever  elaborate 
readjustments  are  worked  out  in  the  highest  associa- 
tional  areas  in  the  cerebrum.  Consciousness  cannot 
be  understood  without  recognizing  sensory  processes 
or  without  recognizing  the  ends  of  behavior;  but  the 
characteristic  fact  in  the  higher  forms  of  conscious  life 
is  not  sensation  or  motor  process,  but  relational  re- 
organization, which  constitutes  what  we  have  described 
as  relational  ideas. 

The  indirectness  of  verbal  forms  of  consciousness  and 
of  the  related  nervous  processes  involves  certain  dangers 
of  possible  maladjustment.  Concrete  images  and  direct 
forms  of  experience  cannot,  because  of  their  limited 
nature,  be  turned  in  very  many  directions.  Verbal 
ideas,  on  the  other  hand,  especially  if  they  are  abstract, 
are  capable  of  a great  variety  of  connections  because 
they  are  so  meager  and  schematic  in  individual  content. 
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In  the  second  place,  there  is  a disadvantage  in  the 
use  of  abstract  terms  in  that  two  individuals,  while 
they  may  start  with  the  same  general  tendency  of 
attention,  may,  in  the  course  of  the  use  of  the  words, 
drift  apart,  without  being  as  clearly  conscioas  of  their 
divergence  from  each  other  as  they  would  be  if  they 
dealt  constantly  with  concrete  percepts.  It  is  a much 
more  definite  method  of  interchanging  ideas  to  demon- 
strate the  objects  themselves,  or  to  demonstrate  some 
concrete  representations  of  the  objects,  such  as  pictures 
or  models.  If  one  does  not  have  pictures  or  models, 
he  naturally  tries  to  correct  the  errors  which  are  likely 
to  creep  in  when  he  is  using  words,  by  calling  up  from 
time  to  time  as  concrete  an  image  in' the  mind  of  his 
listener  as  it  is  possible  to  evoke  by  the  use  of  words. 
We  all  of  us  feel  the  relief  in  any  continued  discourse 
when  a figure  of  speech,  or  an  illustration,  is  used.  The 
figure  of  speech  gives  us  a fairly  concrete  image  with 
which  to  deal.  The  image  in  this  case  may  be  remote 
from  the  immediate  subject  of  thought,  it  maybe  related 
to  the  present  discussion  only  as  a kind  of  rough  analogy, 
but  the  presence  of  some  characteristic  which  illustrates 
and  renders  concrete  the  abstract  discussion  is  a relief 
in  the  midst  of  abstract  relational  terms,  and  furni.shes 
the  means  of  correcting  possible  tendencies  toward 
divergence  of  thought  between  the  speaker  and  the 
listener.  An  illustration  is  even  more  definite  in  its 
character,  and  so  long  as  it  calls  up  in  the  minds  of 
the  speaker  and  listener  the  same  kind  of  concrete 
images,  it  is  a direct  corrective  of  the  possible  looseness 
of  verbal  thought  and  verbal  communication. 

How  far  one  should  be  picturesque  in  his  language, 
and  how  far  he  should,  on  the  other  hand,  use  terms 
which  are  not  related  to  definite  mental  pictures,  is  a 
matter  which  must  be  determined  by  the  demands  of 
the  particular  situation  at  hand.  It  would  be  quite 
impossible  in  any  generalized  science  like  ph^^sics,  con- 
tinually to  deal  with  concrete  illustrations.  If  one 
speaks,  for  example,  of  the  general  law  of  gravity,  he 
cannot  be  dealing  with  all  of  the  specific  cases  of 
gravity  known  to  his  experience,  nor  can  he  feel  him- 
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self  bound  to  a single  illustration.  He  may  come  back 
to  the  single  illustration  in  order  to  hold  his  verbal 
idea  true  to  the  concrete  facts,  but  he  should  cultivate 
the  ability  to  get  away  from  the  concrete  cases  into 
the  wider  sweep  of  thought  which  is  covered  by  the 
general  word. 

In  concluding  this  discussion  of  language,  it  will  be 
well  to  reiterate  what  was  said  in  the  earlier  chapter  on 
ideas.  Human  life  has  taken  on,  through  the  develop- 
ment of  indirect  modes  of  consciousness  and  behavior, 
an  aspect  which  differentiates  it  altogether  from  the 
life  of  animals.  Man  lives  in  a world  of  ideas.  His 
highest  interests  lie  in  the  direction  of  an  intelligent 
reconstruction  of  his  environment.  There  are  percepts 
and  direct  forms  of  reaction  in  human  life  as  in  the  life 
of  animals,  but  the  chief  aims  of  human  life  are  expressed 
in  ideas.  It  is  in  the  realm  of  thought  and  recon- 
structive ideation  that  individuals  aim  to  excel ; it  is 
by  their  achievements  in  this  direction  that  peoples 
give  the  clearest  evidence  of  their  progress.  Ideas  are 
the  characteristic  marks  of  the  human  type  of  life  and 
development.  They  are  broader  in  their  range  than 
percepts  or  particular  images.  They  are  related  to 
the  highest  processes  of  organization,  namely,  the 
processes  of  association  that  take  place  in  the  cerebrum 
which  was  shown  in  an  earlier  chapter  to  be  the 
characteristic  organ  of  the  human  bod}^  indeed,  the 
only  organ  which  differentiates  man  completely  from 
the  animals. 
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In  the  chapter  on  language,  .special  attention  was 
given  to  the  reduction  in  content  which  always  takes 
place  as  words  and  ideas  are  developed  and  substituted 
for  concrete  images.  There  is  another  aspect  of  the 
ideational  process,  to  which  we  now  turn.  As  soon  as 
the  contents  of  consciousness  appear  in  the  form  of 
indirect  factors,  they  are  capable  of  the  greatest  variety 
of  new  combinations.  When  a sensation  arises  in  con- 
sciousness, there  are,  at  that  moment,  only  a limited 
number  of  other  sensations  to  which  it  can  be 
related.  But  if  this  sensation  ari.ses  in  a developed 
mind,  supplied  with  ideas,  there  are  no  limits  except 
the  limits  of  individual  experience  to  the  number  of 
factors  with  which  it  may  be  related.  If  one  looks  at  a 
circle  drawn  on  a sheet  of  paper,  the  perceptual  rela- 
tions of  the  figure  are  few  and  defined ; the  broader 
ideational  relations  which  are  suggested  to  the  mind 
of  the  observer  may,  on  the  other  hand,  be  as  unlim- 
ited as  the  universe.  The  rearrangement  of  experi- 
ences in  new  ideational  combinations  is  consequentl}'^ 
an  important  topic  for  study. 

Certain  simple  forms  of  reconstruction  appear  when- 
ever one  tries  to  recall  an  earlier  experience.  Seldom, 
if  ever,  can  one  become  so  absorbed  in  a memor}'^  image 
as  to  forget  the  present  factors  of  experience  which 
give  the  recalled  experience  a new  setting.  Further- 
more, associations  of  similarity  and  contrast  operate 
at  once  to  make  the  memory  image  different  from  any 
single  scene.  For  example,  if  one  tries  to  remember 
the  first  time  he  ever  saw  a certain  building  or  a cer- 
tain man,  he  will  realize  that  his  experience  is  full  of 
a great  variety  of  suggested  factors  which  were  not 
present  in  the  original  percept. 
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When  memory  images  are  radically  changed  in  process 
of  recall  they  are  described  as  imaginations.  When  the 
combinations  which  go  on  in  consciousness  are  purely 
capricious,  we  speak  of  fanciful  imaginations.  When, 
on  the  other  hand,  recombinations  of  mental  processes 
are  worked  out  systematicall}^  and  coherently,  we  speak 
of  scientific  imagination.  When  one  responds  to  the 
objects  of  his  environment  with  elaborate  forms  of 
consideration  which  make  it  possible  for  him  to  organize 
his  energy  and  appl}'^  it  at  points  where  it  will  be  most 
effective,  the  mental  reconsiderations,  which  are  the 
means  of  these  more  elaborate  forms  of  adaptation,  are 
described  by  such  phrases  as  practical  imagination  or 
mechanical  imagination. 

One  of  the  most  primitive  forms  of  imagination  is 
that  exhibited  by  savages  when  they  attribute  to  in- 
animate objects  the  personal  characteristics  which  they 
find  in  themselves.  The  savage  never  thinks  of  thunder 
or  of  the  wind  without  putting  back  of  it  in  his  imagina- 
tion some  personal  agency.  This  form  of  constructive 
thought  is  the  simplest  which  could  originate  in  a per- 
sonal consciousness.  An  emotion  of  anger  is  a more 
direct  explanation  for  a natural  catastrophe  than  is 
some  abstract  statement  referring  to  physical  force. 
To  modern  thought  the  myths  of  early  peoples  seem 
like  the  play  of  the  most  capricious  imagination;  to  the 
mind  untrained  in  the  forms  of  critical  scientific 
imagination,  nothing  could  be  more  natural  than  a 
myth.  Even  the  trained  mind  derives  pleasure  from 
the  personification  of  objects,  because  it  is  easy  to  use 
the  factors  from  personal  experience  in  all  manner  of 
combinations. 

Early  man  was  led  by  his  imaginations  to  undertake 
many  u.sele.ss  forms  of  activity.  Thus,  he  attempted 
to  propitiate  the  personalities  which  his  own  mind  had 
put  into  streams  and  mountains  and  trees.  There  was 
no  direct  evidence  that  his  imaginations  were  not  in 
conformity  w'ith  the  facts,  and  hence  the  imaginations 
went  on  increasing  in  complexity  until  they  broke  down 
by  their  own  incoherency. 

This  reference  to  the  fanciful  imaginations  of  primi- 
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tive  man  introduces  us  to  the  discussion  of  the  more 
productiv'e  forms  of  imagination  in  which  the  mind 
does  not  weave  together  factors  of  experience  capri- 
ciously, but  under  the  guidance  of  conditions  which  limit 
the  freedom  of  the  constructive  process.  When  im- 
agination is  used  for  purpo.ses  of  practical  construction, 
or  for  the  later  purposes  of  science,  its  products  must 
be  subjected  to  critical  examination  by  the  individual 
who  develops  them.  A first  principle  of  criticism  of 
imagination  may  be  described  as  the  principle  of  em- 
pirical test  through  application.  The  constructs  of 
imagination  may  be  used  to  guide  activities,  and  if  the 
activities  are  not  successful,  it  will  obvioasly  be  neces- 
sary to  go  over  again  the  combinations  which  were 
worked  out  in  consciousness  and  to  revi.se  the.se  com- 
binations with  a view  to  making  them  more  suitable 
bases  for  action.  We  may  speak  of  this  form  of 
criticism  as  the  practical  or  empirical  test  of  imagina- 
tion. If,  for  example,  a given  individual  finds  that  he 
must  get  across  a certain  stream,  he  is  likely,  if  he  has 
time  and  the  necessary  mental  development,  to  con- 
sider first  in  imagination  the  means  by  which  he  can 
get  across.  He  determines  in  thought  that  it  would 
be  possible  by  bringing  together  certain  appliances  to 
make  the  passage  easy.  If,  on  trying  the  expedients 
which  have  suggested  themselves  in  his  thought 
process,  he  finds  that  the  idea  is  a good  one,  his  im- 
agination receives  the  confirmation  which  comes  from 
practical  utility.  If,  on  the  other  hand,  his  imagined 
device  breaks  down  when  put  to  the  practical  test,  he 
will  be  led  to  further  considerations  of  a more  elaborate 
character,  in  order  to  correct  the  deficiencies  which 
have  been  shown  by  the  practical  test  to  exist  in  his 
imagination. 

There  are  many  ideal  constructions  which  cannot  be 
subjected  directly  to  practical  tests.  For  example,  in 
the  course  of  human  history  man  has  constanth*  been 
trying  to  reconstruct  in  imagination  the  process  of  the 
development  of  the  earth  on  which  he  lives.  Our 
modern  science  of  geology  is  an  elaborate  effort  to  re- 
construct the  history  of  the  earth.  Obviously,  the  ideas 
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reached  b}''  geology  cannot  be  tested  by  any  single 
practical  act.  Man  has  developed,  accordingly,  a sys- 
tem of  criteria  by  which  he  tests  the  validity  of  his  ideal 
constructions,  even  when  these  ideal  constructions  are 
not  directly  intended  for  the  practical  uses  of  life. 
These  theoretical  criteria,  as  we  may  call  them,  can  be 
shown  to  grow  out  of  the  nature  of  experience  itself. 

It  is  demanded  by  every  human  consciousness  that 
the  elements  of  any  given  state  shall  be  capable  of  some 
form  of  harmonious  arrangement.  We  have  seen  that 
it  is  true  of  perceptual  processes  that  they  have  unity 
and  arrangement,  such  that  all  of  the  conflicting 
qualitative  factors  are  provided  for  in  a single  experi- 
ence through  the  arrangement  of  the  elements  of  ex- 
perience in  spatial  and  temporal  series.  Thus,  even 
in  perceptual  consciousness,  a certain  coherency  and 
harmony  is  required  of  the  elements  before  they  can 
enter  into  the  percept.  Still  more  when  we  come  to 
the  constructs  of  imagination  is  there  a demand  for 
harmony  of  relations  among  the  factors  which  are  pre- 
sented. If  any  factor  or  relation  is  recognizably  in- 
congruous with  the  system  of  experiences  into  which 
it  is  introduced,  then  that  system  of  experience  will 
have  to  be  rearranged  until  the  whole  organization  is 
adapted  to  the  reception  of  the  element  which  was  out 
of  harmony  with  the  other  elements,  or  else  the  incon- 
gruous element  will  have  to  be  rejected.  Scientific 
imagination,  when  not  susceptible  to  practical  tests,  is 
thus  nothing  more  or  less  than  the  effort  to  develop  an 
elaborate  system  of  congruous  ideas. 

Primitive  man  does  not  have  this  criterion  of  the 
harmony  of  all  of  the  elements  as  fully  developed  as 
does  modern  science.  This  is  in  part  due  to  the  limita- 
tions of  primitive  experience,  as  when  a savage  believes 
thunder  to  be  a voice,  becau.se  he  knows  little  of  either 
the  thunder  or  of  the  mechanism  which  produces  the 
voice.  It  is  in  part  due  to  a general  uncritical  atti- 
tude, as  when  in  Greek  mythology  the  earth  is  borne 
upon  the  shoulders  of  Atlas,  because  attention  was 
not  ordinarily  concentrated  on  the  necessity  of  sup- 
porting Atlas. 
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It  cannot  be  asserted  that  the  criterion  of  harmony 
among  the  elements  of  imagination  is  applied  with  full 
success  even  in  modern  science,  but  examples  can  be 
given  without  limit  of  its  application.  Thus,  it  is  quite 
impo.ssible  for  us  to  think  of  the  earth  and  the  sun  as 
related  to  each  other  without,  at  the  same  time,  con- 
ceiving of  some  form  of  bridge  between  the  earth  and 
the  sun.  Science  has,  therefore,  developed  the  notion 
of  the  ether  as  a continuous  substance  between  the 
earth  and  all  other  points  in  the  univer.se.  The  ether 
is  not  a factor  of  direct  experience  in  any  form.  It  is 
demanded  in  scientific  considerations  in  order  to  make 
the  idea  of  the  solar  .system  and  of  the  universe  a 
coherent  thinkable  idea.  Ether  may,  accordingly,  be 
called  a product  of  imagination.  This  .statement  does 
not  deal  with  the  question  of  its  objective  reality;  it 
merely  asserts  that  ether  comes  into  scientific  ex- 
perience in  response  to  a demand  for  harmony  in  the 
ideational  system,  not  through  perception. 

The  application  to  imaginations  of  practical  tests  and 
of  the  criterion  of  internal  coherency  has  made  it  pos- 
sible for  man  to  carry  his  experience  far  be3'ond  the 
ranges  of  direct  perception.  Too  much  emphasis  can- 
not be  laid  on  the  fact  that  forms  of  experience  can  in 
this  way  be  constructed  which  are  just  as  useful,  in- 
deed much  more  broadly  useful,  than  the  simpler  forms 
of  knowledge  which  appear  in  percepts.  The  insight 
of  the  astronomer  into  the  nature  of  the  nebulse  is  true, 
even  though  he  has  never  visited  the  Milk}'’  Way.  The 
principle  of  conservation  of  energy  is  true,  quite  as  much 
as  one’s  perception  of  the  character  of  the  object  before 
his  eyes.  The  conditions  under  which  these  more  elab- 
orate forms  of  experience  are  built  up  are  different 
from  the  conditions  of  perception,  but  they  are  none  the 
less  legitimate  forms  of  experience.  The  more  indirect 
forms  of  experience  have  a different  relation  to  acti’S'ity 
and  a different  relation  to  sensory  impressions  than  do 
percepts,  but  they  are  quite  as  worthy  of  attention. 
Indeed,  in  so  far  as  they  are  the  ripest  products  of  the 
most  highly  developed  forms  of  mental  life,  they  are 
the  most  worthy  objects  of  human  study. 
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The  extent  to  which  imaginations  are  criticised 
depends  upon  the  development  of  the  individual  who 
possesses  them  and  upon  the  type  of  ideas  under 
examination.  A good  illustration  of  the  dependence 
of  criticism  on  individual  development  was  given  above 
in  discussing  the  myths  of  primitive  peoples.  Another 
may  be  found  in  the  imaginations  of  children.  It  has 
frequently  been  said  that  children  are  more  imaginative 
than  adults.  This  statement  is  based  on  the  observa- 
tion that  a child  will  imagine  many  things  in  connection 
with  its  toys  and  derive  a great  deal  of  satisfaction  from 
these  imaginations,  when  an  adult  would  be  so  clearly 
conscious  of  the  falsity  of  the  imaginations  that  he 
would  derive  little  pleasure  from  them.  This  obser- 
vation does  not  show  that  the  child  is  moi’e  imagina- 
tive than  the  adult,  but  it  shows  that  the  imaginations 
in  earl}'  life  are  not  subjected  to  any  careful  criticism. 
Almost  any  mental  combination  is  accepted  by  the 
child  and  enjoyed  for  the  moment  without  serious 
criticism.  Indeed,  the  child’s  experience  is  often  like 
the  savage’s,  too  meager  to  make  it  possible  for  him 
to  construct  any  systems  of  thought  that  shall  con- 
stitute the  basis  for  the  criticism  of  his  particular 
imagination.  Furthermore,  many  of  the  child’s  activi- 
ties are  not  sufficiently  serious  to  constitute  practical 
tests  for  his  imaginative  constructs.  As  life  goes  on 
and  the  systems  of  thought  become  more  and  more 
closely  united  with  each  other,  and  the  practical 
demands  of  individual  existence  come  to  be  more 
strenuous,  the  indulgence  in  fanciful  imaginations  un- 
checked by  criticism  becomes  less  common  than  it  was 
in  early  childhood. 

An  illustration  of  the  way  in  which  the  same  matter 
of  imagination  may  be  subjected  to  different  forms  of 
criticism  is  to  be  found  in  the  case  of  literary  forms. 
Literature  is  an  effort  to  reconstruct  before  the  imagina- 
tion some  system  of  thought  which  shall  deal  with 
human  interests  and  human  activities.  If  this  recon- 
structive proce.ss  purports  to  be  held  closely  in  agree- 
ment with  certain  records,  we  call  it  historical  in 
character,  and  we  demand  that  it  shall  conform  to  the 
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canons  of  congruity  with  all  the  legitimate  records  of 
the  period  in  question.  If  the  reconstruction  is,  on  the 
other  hand,  confessedly  free  from  any  particular  refer- 
ence to  definite  situations,  we  call  it  imaginative  litera- 
ture and  recognize  its  product  as  fiction.  Even  in  this 
case  we  demand  of  literature  that  it  shall  have  relation 
to  experience,  that  it  be  recognizable  as  conforming  to 
the  general  principles  of  experience.  A wholly  un- 
natural creation  has  no  justification,  even  in  fiction. 
The  particular  circumstances  which  are  grouped  to- 
gether may  be  circumstances  which  never  were  brought 
together  in  the  course  of  human  history  or  individual 
life,  but  the  principles  of  combination  must  be  recog- 
nizable as  principles  in  harmony  with  the  general  nature 
of  human  experience. 

The  canons  of  criticism  in  literature  are  by  no 
means  as  clearly  definable  as  are  the  canons  of  criti- 
cism in  scientific  thought.  The  reason  for  this  is 
clear;  it  consists  in  the  great  variation  in  the  ty’pes 
of  individual  experience  and  the  consequent  laxness 
in  the  demand  that  the  imagined  experiences  shall 
conform  to  the  particular  type  of  any  indiAfidual’s 
life.  It  is  not  difficult  for  us  to  accept  certain  rather 
grotesque  and  unusual  combinations,  provided  these 
combinations  of  experience  are  referred  to  periods 
in  time  or  points  in  space  remote  from  those  with 
which  we  are  ordinarily  in  contact. 

The  beginnings  of  what  we  call  scientific  thought 
are  obscure,  because  the  careful  comparison  of  scien- 
tific ideas  is  preceded  on  the  one  side  by  much  practical 
adjustment  of  activity  to  the  environment,  and  on 
the  other  side  by  much  uncritical  speculation.  The 
practical  efforts  to  adjust  one’s  activities  to  the  world 
leads  to  certain  systems  of  ideas.  Thus,  the  child 
always  looks  for  the  causes  of  the  happenings  which 
come  into  his  experience  long  before  he  formulates 
in  clear,  explicit  thought  the  statement  that  ever)' 
event  has  a cause.  When  he  hears  a noise,  he  has 
a vague  notion  of  something  back  of  the  noise.  In 
the  same  way  men  must  have  sought  causes  in  practi- 
cal life  long  before  there  was  an}'  science.  The}' 
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had  ideas  which  they  used  in  the  constructive  activi- 
ties of  life,  such  as  ideas  regarding  the  strength 
and  durability  of  certain  building  materials.  While 
many  of  these  general  modes  of  thought  were  useful 
and  contributory  to  true  mental  development,  there 
were  many  other  ideas  which  contributed  nothing 
of  permanent  value  or  even  hindered  progress.  Super- 
stitions of  all  kinds  flourished  in  the  uncritical  thought 
of  primitive  man.  If  a bird  flew  across  his  path,  he 
thought  of  infinite  varieties  of  good  or  ill.  There  is 
a certain  sense  in  which  all  these  superstitious  and 
practical  ideas  constitute  the  beginnings  of  science. 
They  furnished  the  thought  material  which,  when  sifted 
and  organized  into  systematic  form,  constitutes  science. 
The  development  of  methods  for  sifting  and  organizing 
this  thought  content  is  one  of  the  essential  additions  to 
thought  which  came  with  science.  The  sifting  of  this 
body  of  material  depended  upon  the  development  of  the 
ability  to  critically  examine  and  compare  all  ideas. 

At  first  the  critical  faculty  dealt  only  with  the 
broadest  questions,  such  as  questions  of  the  origin 
and  destiny  of  life  and  of  the  world.  In  Greek  philos- 
ophy, which  grew  up  as  a series  of  efforts  to  answer 
critically  these  large  questions,  there  was  something 
of  science  mixed  with  much  of  practical  judgment 
and  superstition.  All  forms  of  developed  thought 
belonged  together  in  this  early  period.  Furthermore, 
a symptom  which  has  very  commonly  been  conspicu- 
ous in  periods  of  critical  thought  appeared  repeatedly 
among  the  Greeks;  namely,  the  symptom  of  skepti- 
cism. When  an  individual  begins  to  examine  his 
ideas  with  a view  to  eliminating  those  which  are  in- 
compatible, there  is  likely  to  be  at  first  a very  active 
rejection,  amounting  in  some  cases  to  a demand 
for  total  abandonment  of  what  has  heretofore  been 
accepted. 

When  the  systems  of  coherent  ideas  began  to  emerge 
from  the  original  chaos  of  practical  and  superstitious 
constructs,  it  is  striking  that  the  facts  remote  from 
individual  control  were  the  earliest  to  yield  to  the 
organizing  endeavors  of  thought.  It  was  possible  to 
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construct  a system  of  consistent  scientific  ideas  re- 
garding the  facts  of  celestial  movement,  because  these 
remoter  facts  were  far  enough  from  individual  life  to  be 
observed  without  perplexing  minor  incongruities.  The 
nearer  facts  of  any  situation  are  too  full  of  variations 
to  fall  into  anything  like  an  harmonious  system  without 
the  most  elaborate  ideational  reconstruction.  Thus,  a 
science  of  social  relations  and  a science  of  mental 
processes  could  develop  only  after  man  had  become 
so  thoroughly  devoted  to  the  forms  of  scientific  thought 
that  he  could  follow  the  facts  in  long  serie.s,  could  de- 
liberately assume  some  attitude  other  than  that  of 
direct  personal  relation.ship,  and,  con.sequently,  could 
trace  out  certain  abstract  relations  in  the  mid.st  of  the 
complex  of  varying  elements. 

Let  us  consider  briefly  some  of  the  scientific  con- 
structs which  have  been  built  up  in  the  course  of 
the  development  of  physical  science.  Such  a con- 
struct is  called  a scientific  concept.  Take,  for  ex- 
ample, the  concept  of  the  atom.  Man  found,  as  he 
examined  the  bodies  about  him,  that  these  bodies 
underwent  certain  changes  which  were  indicative  of 
unperceived  characteristics.  It  was  important  to 
understand  these  characteristics  in  dealing  with  the 
bodies  for  practical  purposes.  For  example,  water 
freezes,  stones  crumble,  metals  expand  and  contract 
with  changes  in  temperature.  Man  must  have  noted 
many  of  these  changes  and  many  of  their  conditions 
very  early  in  his  dealings  'ndth  such  substances,  but 
he  had  no  direct  means  of  observing  what  went  on 
in  the  mass  of  the  matter  itself.  He  therefore  set 
about,  at  least  as  far  back  as  the  early  Greeks,  tr3’ing 
to  form  some  concept  of  the  changes  which  must  take 
place  within  the  substance,  in  order  to  explain  the 
changes  which  he  observed.  Certain  of  the  Greek 
thinkers  drew  upon  the  forms  of  experience  with  which 
they  were  familiar;  namely,  their  experience  of  com- 
posite matter  made  of  separate  parts,  and  formulated 
the  concept  that  all  substances  are  made  up  of  particles 
which  are  separated  by  intervals  of  space.  The}’’  con- 
cluded, further,  that  the  particles  wliich  the}’^  assumed 
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as  the  elements  of  the  substance,  must  be  capable  of 
greater  and  less  separation  from  one  another,  as  in  ex- 
pansion and  contraction,  and  also  that  they  must  be 
capable  of  rearrangements,  such  that  the  appearance  of 
the  whole  substance  is  moth  tied  without  destroying  the 
particles.  Through  such  considerations  as  these,  some 
of  the  early  scientists  came  ultimately  to  refer  to 
the  smallest  particles  of  any  given  substance  as  atoms, 
anti  to  describe  these  atoms  as  separated  from  one 
another  b}'  space,  and  as  constituting  by  their  com- 
position the  observed  body.  The  physicist  or  chemist 
to-day  uses  this  very  valuable  concept  in  his  thought 
about  substances;  he  constantly  refers  to  atoms, 
although  he  never  expects  that  he  will  be  able  to 
see  an  atom,  or  to  test  the  validity  of  his  mental  con- 
struct b}'^  the  sense  of  touch.  Indeed,  the  atom  is  a 
concept  needed  by  science  just  because  science  has 
to  bring  together  into  an  harmonious  ideal  system 
more  than  can  be  discovered  in  any  single  inspec- 
tion or  handling  of  an  object.  When  such  state- 
ments as  these  are  made,  some  persons  think  that 
the  validity  of  the  scientific  concept  is  seriously 
called  in  question.  On  the  contrary,  there  .is  no 
higher  guarantee  for  any  form  of  knowledge  than 
that  it  is  demanded  in  order  to  render  congruous 
the  whole  system  of  experience.  As  we  have  seen, 
in  all  of  the  earlier  discussions  of  percej)tion  and 
ideation,  experience  has  many  higher  phases  which 
cannot  be  resolved  into  direct  sensory  elements. 
The  validity  of  space  as  a form  of  experience  cannot 
be  called  in  question  because  it  is  a formal  rather 
than  a sensational  phase  of  experience.  For  similar 
rea.sons,  the  construction  of  a concept  is  justified  as  a 
result  of  a higher  organization  of  experience.  The 
method  of  arriving  at  such  an  ideal  construct  is  indeed 
indirect;  but  the  concept  has  all  of  the  validity  which 
belongs  to  experience  as  an  organized  system. 

A second  illustration  of  a scientific  concept,  which 
it  will  be  advantageous  for  us  to  discuss  briefly,  is 
the  example  of  the  concept  which  we  call  gravity. 
Man  had  long  observed  that  bodies  fall  toward  the 
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surface  of  the  earth,  and  had  fitted  his  activities 
to  these  observed  facts  of  experience.  In  so  far  as 
he  recognized  that  falling  bodies  are  harmful,  and 
in  so  far  as  he  utilized  certain  missiles  and  tools  to 
accomplish  his  purposes  of  attack  or  mechanical 
control,  he  had  in  experience  merely  perceptual  pro- 
cesses; the  concept  of  gravity  was  not  fully  developed 
through  these  direct  adaptations  of  personal  activity 
to  falling  bodies.  The  development  of  the  scientific 
concept  called  for  the  comparison  of  a great  variety 
of  particular  cases  and  the  extraction  from  all  of  them 
of  the  idea  of  a certain  general  type  of  relation,  which 
general  relation  is  valid  in  each  of  the  given  cases 
and  also  has  a general  validity  superior  to  any  one 
of  the  particular  cases.  The  law  of  gravity,  which 
issued  from  this  whole  mental  activity  of  comparison 
and  abstraction,  cannot  be  practically  tested  except 
in  individual  cases;  we  must  depend  for  support 
for  our  scientific  concept  of  gravity  upon  the  analy- 
sis and  comparison  of  these  cases.  ^Vhen  we  have 
thus  formulated  and  refined  the  concept  of  gra\dty, 
however,  we  have  a concept  in  experience  which  can 
be  regarded  either  as  the  essence  of  a single  observable 
case  or  as  a general  statement  of  the  common  element 
found  in  every  particular  case. 

Here  again,  as  in  the  case  of  the  concept  atom, 
it  is  quite  impossible  to  deny  that  gravity  is  a fact 
in  the  world,  because  our  method  of  knowing  it  is 
indirect.  Gravity  is  not  a fact  of  sensory  experience. 
The  falling  body  may  be  seen  or  may  be  recognized 
through  the  sense  of  touch.  On  the  other  hand, 
its  mode  of  falling  may  be  separated  from  its  other 
characteristics  only  by  a careful  conscious  anal5’sis 
of  the  sensory  experience.  When,  however,  a number 
of  cases  have  been  so  worked  over  in  consciousness, 
we  may  think  of  the  mode  of  behavior  in  all  of  the 
cases  under  a single  abstract  term,  which  is  no  longer 
related  merely  to  the  single  case,  but  represents  the 
elaborate  mental  comprehension  of  all  the  cases 
through  a single  concept.  The  ability  to  develop  such 
general  abstract  notions  is  the  crowning  achievement 
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of  man’s  constructive  ideational  thought.  It  gives  him 
certain  formulas  by  which  he  can  refer  to  a whole 
series  of  experiences  in  a single  word  or  jihrase.  This 
word  or  phrase  should  not  be  confused  with  the  name 
of  a single  fact;  it  is  rather  the  name  of  an  element 
of  many  different  situations.  It  has  been  extracted 
from  the  concrete  cases  for  the  purposes  of  mental 
adaptation  and  has  been  formulated  into  a concept  which 
makes  it  available,  apart  from  any  of  the  special  cases 
in  which  it  appears.  When  such  a concept  has  been 
formed,  its  importance  consists,  not  merely  in  the 
mental  activity  by  which  it  has  been  developed, 
but  also  in  the  ability  which  its  possessor  exhibits 
to  use  the  concept  for  further  purposes  of  construc- 
tive thought  and  practical  adaptation  to  his  en- 
vironment. 

Constructs  of  the  type  which  we  have  been  dis- 
cussing are  not  usuall}'-  described  as  imaginations. 
The  image  factor  has  become  too  attenuated,  and 
the  relational  factor  too  important,  to  justify  giving 
the  construct  a name  which  emphasized  the  image. 
Thus  the  scientist  cares  very  little  how  one  pictures 
atoms  or  gravity.  He  may  for  demonstration  use  balls 
for  atoms  and  a wire  for  gravity.  More  important 
than  these  symbolical  images  is  the  relation  which  the 
concept  expresses. 

The  formation  of  a concept  is  sometimes  the  end 
and  sometimes  the  starting-point  of  mental  effort. 
Thus,  the  scientist,  working  over  a great  variety 
of  facts,  is  formulating  a concept.  He  may  have 
only  the  remotest  interest  in  the  use  to  which  the 
concept  is  to  be  put;  he  is  interested  merely  in  refin- 
ing and  correcting  his  statement  of  the  essential 
pha.se  of  reality  which  he  is  investigating.  Yet,  at 
bottom,  the  concept  is  dynamic.  It  may  be  for  the 
moment  an  end  in  itself,  but  it  is  intended  ultimately 
to  determine  some  one’s  mental  reaction  upon  a com- 
plex environment.  The  conceptual  knowledge  of 
the  facts  of  experience  may  require  time  and  effort 
for  its  development,  but  when  it  is  once  developed, 
the  subsequent  history  of  the  mind  which  possesses 
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it  will  be  (letenninefl  by  the  new  point  of  departure 
which  the  concept  gives  for  conduct. 

The  application  of  a concept  to  any  situation  con- 
stitutes a pha.se  of  mental  activity  which  is  described 
by  the  term  judgment.  A judgment  may  be  briefly 
defined  as  the  mental  proce.ss  in  which  a concept  is 
consciously  related  to  another  concept  or  to  a partic- 
ular experience.  A judgment  is  u-sually  expressed 
in  a sentence. 

Judgments  differ  according  to  the  scope  of  the 
concepts  which  they  include  and  according  to  the  way 
in  which  these  concepts  are  related  to  the  other  ele- 
ments of  experience.  The  conscious  relating  activity 
involved  in  any  judgment  is  expre.s.sed  in  a copula, 
which  joins  together  the  two  factors  which  enter 
into  the  judgment.  Thus,  in  the  judgment,  “.Man 
is  an  animal,”  the  two  concepts  man  and  animal 
are  related  to  each  other,  as  indicated  by  the 
copula  is.  The  question  of  how  much  is  involved 
in  a given  judgment  depends  quite  as  much  upon 
what  is  involved  in  the  copula  as  upon  what  is  con- 
tained in  the  terms,  or  concepts  related,  ^'ery  fre- 
quently the  copula  serves  to  suggest  an  elaborate 
relation  which  it  only  partially  expresses.  There 
has,  accordingly,  been  great  uncertainty  expres.sed 
in  the  history  of  thought,  as  to  the  exact  significance 
of  such  a simple  judgment  as  that  which  we  used 
a moment  ago  in  the  illustration,  “Man  is  an  animal.” 
It  has  been  contended,  on  the  one  hand,  that  such 
a judgment  is  merely  intended  to  include  the  narrower 
concept  man  under  the  more  comprehensive  concept 
animal.  It  has  been  contended,  on  the  other  hand, 
that  the  copula  suggests  rather  the  relationship 
which  the  mind  immediately  grasps  when  it  passes 
more  or  less  clearly  in  review  certain  of  the  attributes 
of  man  and  identifies  them  as  included  among  the 
attributes  of  animals.  According  to  this  latter  \*iew, 
the  judgment  should  be  extended  somewhat  as  follows : 
The  being  man  has  those  characteristics  of  life  and 
vitality  and  movement  and  sensitivity  which  are 
included  also  in  the  concept  animal.  In  other  words, 
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the  judgment  is  here  thought  of  as  being  full  of  idea- 
tional contents;  whereas,  in  the  first  definition  the 
relation  between  the  two  terms  is  thought  of  in  as 
simple  a form  as  possible.  Man  as  a concept  is  con- 
sidered in  the  simpler  definition  of  judgment  as  a single 
fixed  image  or  content  of  thought.  Animal  is  considered 
to  be  a more  comprehensive  content  of  thought  and  the 
two  are  brought  together  in  a simple  relation  by  the 
copula  is.  This  simpler  account  of  judgments  may 
have  some  justification  in  the  fact  that  concepts,  as 
they  become  more  and  more  fully  established,  undoubt- 
edly serve  as  abbreviated  expressions  of  the  relations 
which  they  embody.  But  no  concept  can  be  treated 
as  a fixed  content  or  entity  to  be  put  into  another. 
As  we  have  seen  in  our  earlier  discussions  of  ideas, 
concepts  are  not  contents  in  any  static  sense  of  the 
word.  Concepts  are  expressions  of  elaborate  relations 
which  have  been  worked  out  thi'ough  the  comparison 
and  symbolical  reconstruction  of  many  individual 
experiences.  A concept  is,  even  in  its  most  condensed 
form,  an  expression  of  many  relations.  When,  there- 
fore, one  concept  is  brought  into  relation  with  an- 
other, it  cannot  be  regarded  as  a mere  motionless 
element  of  experience  to  be  treated  as  a single  image 
and  placed  in  larger  receptacles;  it  must  be  thought 
of  rather  as  a relational  fact  which  is  for  the  moment 
compared  with  a second  fact  of  the  same  fundamental 
order. 

These  statements  regarding  the  relational  charac- 
ter of  concepts  may  seem  abstract,  but  they  will  be 
comprehensible  the  moment  one  considers  an  ex- 
ample. What  is  in  the  mind  when  one  thinks  of  an 
atom?  Some  image  of  a small  particle  of  matter 
may  be  present  as  the  content  on  which  the  mind 
rests,  but  this  content  is  at  once  recognized  as  only 
partially  representative  of  what  is  intended  by  the 
word.  There  extend  on  all  sides  of  this  image  what 
James  has  picturesquely  called  fringes  of  thought. 
These  “fringes”  carry  thought  out  to  the  other  charac- 
teristics which  are  not  pictured  in  the  mental  image. 
Thus,  the  scientist  thinks  of  the  elasticity  of  the 
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atom,  of  its  indivisibility,  anti  so  on.  It  is  not  nec- 
essary to  assume  that  in  every  ca.se  there  is  an  image 
of  a small  particle  of  matter,  nor  that  the  mind  works 
out  explicitly  all  of  the  attributes  involved.  The 
image  may  be  very  meager,  it  is  in  many  cases 
reduced  to  the  written  or  articulated  word.  The  con- 
sciousness of  attributes  is  often  reduced  to  mere  atti- 
tudes, as  pointed  out  in  the  earlier  discus.sions  of  ideas. 
If  one  u.ses  such  words  as  “ mass  of  matter,”  and 
“ atom  ” in  rapid  succes.sion,  he  can  feel  the  tran.sition 
from  the  “large”  attitude  arou.sed  by  the  word  mass, 
to  the  “small”  attitude  aroused  by  the  word  atom. 
It  is  in  the  treatment  of  concepts,  perhaps,  more  than 
Ln  the  treatment  of  any  other  pha.ses  of  experience 
that  we  must  provide  for  many  conden.sed  forms  of 
thought.  That  these  condensations  facilitate  thought 
cannot  be  doubted.  They  permit  rapid  transition  from 
image  to  image,  reducing  to  the  lowest  minimum  both 
the  content  of  the  image  and  the  effort  of  transition. 
A judgment  may  also  be  a highly  condensed  form  of 
experience.  It  would  be  a mistake  to  assume  that 
the  ordinary  judgment  is  as  full  of  e.xplicit  content 
or  relation  as  it  may  be  made  if  one  dwells  upon  it 
and  expands  the  ideas  and  the  relations.  But  a 
judgment  is,  as  contrasted  with  a concept,  a fuller 
expression  of  the  relational  pha.ses  of  thought.  In  a 
judgment,  some  transition  from  one  idea  to  another  is 
carried  out  and  the  transition  is  of  sufficient  importance 
to  be  expressed.  There  is  always  a distinct  movement 
of  relational  thought  in  a judgment.  The  content  phase 
of  mental  life,  on  the  other  hand,  is  not  enlarged  by  the 
relational  rearrangement  which  it  receives  in  judgment. 

With  this  dynamic  view  of  the  nature  of  judg- 
ments in  mind,  we  may  consider  briefly  some  of  their 
further  characteristics.  There  are  a number  of  classes 
of  judgments  which  may  be  distinguished.  In  the 
first  place,  it  is  obvious  that  the  assertion  of  a relation, 
as  in  a positive  judgment,  and  its  denial,  as  in  a nega- 
tive judgment,  must  be  of  diametrically  opposite 
values  in  any  process  of  thought  or  reasoning.  If 
we  say  that  man  is  not  a mineral,  the  significance 
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of  this  judgment  for  all  later  mental  activity  is  very 
different  from  the  significance  and  value  of  any  judg- 
ment which  aims  to  establish  affirmatively  some 
type  of  relation  between  the  two  facts  in  question. 
To  say,  for  example,  that  man  finds  metals  in  the 
earth  is  to  establish  a positive  relation  between  the 
two  concepts  which  were  a moment  ago  distinguished 
as  separate  from  each  other  so  far  as  the  relation  of 
identity  is  concerned.  Positive  and  negative  judg- 
ments are,  therefore,  treated  as  two  of  the  general 
classes  which  must  be  distinguished  in  the  study  of 
judgments. 

Again,  judgments  may  be  distinguished  by  the 
degree  of  the  universality  of  the  relation  under  dis- 
cussion. Thus,  if  one  asserts  that  some  men  are 
artisans,  the  relation  between  the  class  men  and 
the  particular  type  of  occupation  mentioned,  is  as- 
serted as  only  a partial  relation,  and  that  fact  is 
made  perfectly  clear  in  the  form  of  the  statement 
itself.  There  is  a certain  secondary  limitation  placed 
upon  the  thought  which  is  not  so  obvious  from  the 
form  of  the  statement  as  is  the  limitation  implied  in 
the  word  “some.”  The  predicates  of  most  affirmative 
judgments  are  included  in  the  thought,  only  in  part. 
Thus,  in  the  judgment  used  as  an  example,  not  all 
artisans  are  referred  to.  There  may  also  be  women 
who  are  artisans.  In  other  words,  the  term  artisan 
is  not  exhausted  by  being  placed  in  the  relation  in 
which  it  is  here  placed  to  the  concept  man.  Most 
affirmative  judgments  are  partial  in  respect  to  their 
predicates.  In  negative  judgment  the  relation  is 
cut  off  in  both  directions;  hence,  the  predicate  as  well 
as  the  subject  is  exhaustively  treated.  “ Men  are  not 
plants”  is  negative  with  regard  to  both  classes. 

The  limited  character  of  most  affirmative  judgments 
can  be  illustrated  by  contrast  with  mathematical 
judgments.  It  is  a peculiarity  of  such  judgments 
that  they  are  reversible.  To  assert  that  five  is  equal 
to  three  plus  two  is  exactly  equivalent  to  the  assertion 
that  a quantitative  relation  exists  between  five  and 
the  other  two  numbers,  such  that  the  relation  is  the 
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same  from  whichever  side  of  the  equation  one  begins. 
For  most  of  the  judgments  of  practical  life,  the  rela- 
tion is  not  the  same  when  viewed  from  opposite  points. 
This  is  evidenced  by  the  difference  which  is  always 
recognized  between  subject  and  predicate.  The  sub- 
ject of  the  judgment  is,  in  a measure,  put  in  the  place 
which  would  be  occupied  by  the  speaker  if  he  himself 
were  to  assume  some  sort  of  relation  toward  the 
predicate.  The  relation  is,  therefore,  commonly  viewed 
from  the  point  of  view  of  the  subject  of  the  sentence. 
When  we  attempt  to  view  the  same  relation  from 
the  point  of  view  of  the  predicate,  we  are  likely  to 
find  that  the  ordinary  judgment  is  not  reversible, 
because,  as  pointed  out  above,  the  relations  involved 
in  the  predicate  concept  are  only  partially  exhausted. 
Take,  for  example,  one  of  the  general  judgments 
that  we  have  already  used  for  illustration.  It  is 
true  that  all  men  are  animals,  but  it  does  not  follow 
at  all  that  all  animals  are  men.  The  universality 
of  a judgment  is,  accordingly,  defined,  as  stated 
above,  with  reference  to  the  comprehensiveness  of 
the  subject.  If  the  subject  is  treated  in  all  its  phases, 
the  judgment  is  classified  as  broad  and  universal. 
If  the  subject,  on  the  other  hand,  is  definitely  limited, 
the  judgment  is  also  regarded  as  limited,  and  is  known 
as  a particular  judgment. 

Turning  now  from  judgments  to  the  more  compre- 
hensive combinations  which  are  worked  out  in  thought, 
we  find  that  two  or  more  judgments  may  be  combined 
in  such  a way  as  to  build  up  even  more  elaborate  sys- 
tems of  relations.  The  process  of  combining  judg- 
ments is  known  as  the  process  of  reasoning.  For  ex- 
ample, if  we  use  the  classic  illustration  of  formal  logic, 
we  may  assert  that  all  men  are  mortal,  that  Socrates 
is  a man,  and,  therefore,  Socrates  is  mortal.  Such  a 
series  of  judgments  constitutes  the  simplest  complete 
cycle  of  reasoning,  and  is  known  as  a S3’llogism.  A 
complete  syllogism  consists,  as  will  be  seen,  of  two 
judgments  which  constitute  the  premises  and  a third 
judgment  which  appears  as  the  conclusion  of  the 
reasoning.  Such  a simple  syllogism  must  contain  three 
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terms,  and  three  only.  The  reason  for  this  limitation 
upon  the  number  of  terms  is  obvious  when  we  consider 
that  the  purpose  of  the  syllogism  is  to  relate  two  of 
the  terms  through  their  relation  to  a common  middle 
term.  The  middle  term  must  appear  in  each  of  the 
judgments  in  order  to  furnish  a link  by  which  the  judg- 
ments may  in  turn  be  united  with  each  other. 

The  mental  process  involved  in  such  a syllogism  will 
be  manifest  if  we  apply  the  analysis  of  judgments 
which  has  been  given  in  earlier  paragraphs.  To  assert 
that  man  is  mortal,  is  to  assert  that  a certain  definite 
characteristic  is  found  in  man  and  is  expressed  in  the 
general  concept  mortality,  which  is  applied  to  man  in 
the  judgment.  When  it  is  asserted  in  the  first  judg- 
ment that  all  men  exhibit  the  characteristic  or  group  of 
characteristics  referred  to  in  the  predicate,  it  is  easy 
to  see  that  any  particular  man  must  be  thought  of  as 
exhibiting  the  particular  characteristic  which  has  been 
explicitly  referred  to  as  belonging  to  all  men.  In  the 
conclusion,  Socrates  and  the  attribute  of  mortality  are 
related,  not  because  of  any  observations  made  upon 
Socrates,  but  because  the  experience  of  the  thinker  and 
of  the  race  has  settled  upon  mortality  as  a general 
human  characteristic. 

There  are  different  forms  of  reasoning  according 
to  the  differences  in  the  points  of  departure  and  the 
differences  in  the  modes  of  working  out  relations  in 
experience.  One  general  difference  which  has  been 
long  recognized  as  of  cardinal  importance  is  the  dif- 
ference between  deductive  reasoning  and  inductive 
reasoning.  Syllogistic  reasoning  has  commonly  been 
recognized  as  the  simplest  and  most  complete  example 
of  deductive  reasoning.  Deduction  is  defined  as  the 
process  of  applying  a general  principle  to  a particular 
case.  Induction,  on  the  other  hand,  is  a process  of  build- 
ing up  a general  principle  from  particular  cases.  The 
application  of  the  general  principle  of  human  mor- 
tality to  Socrates  would  constitute  a case  of  deduction, 
while  the  derivation  of  the  general  principle  that  all 
men  are  mortal,  exemplifies  the  inductive  process  in 
which  many  particular  cases  of  human  mortality  are 
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till  summarized  in  the  general  conclusion  that  all  men 
have  this  characteristic. 

Most  thinking  is  not  entirely  deductive  or  inductive 
in  form;  there  is  a i)lay  of  the  mind  from  familiar 
general  principles  to  new  applications  and  from  the 
new  applications  to  the  establishment  of  new  principles 
or  the  modification  of  old  ones. 

Reasoning,  like  judgment  and  like  the  process  of  ar- 
riving at  concepts,  is  an  elaborate  working  over  and 
rearrangement  of  experience.  Indeed,  it  is  quite  im- 
possible to  study  the  three  forms  of  mental  elaboration 
involved  in  concepts,  judgments,  and  reasoning,  without 
recognizing  that  there  are  no  hard  and  fa.st  lines  between 
them.  Very  often  reasoning  is  cut  down  so  that  it 
becomes  simple  judgment.  Again,  the  mental  proces.ses 
which  may  be  for  one  individual  who  is  trained  in 
thought  mere  conceptual  processes,  may  require  on 
the  part  of  a less  trained  thinker  the  most  elaborate  and 
painstaking  reasoning.  The  reasoning  of  a highly 
trained  scientist  is  very  often  so  compact  as  to  be  quite 
beyond  the  reach  of  the  ordinary  thinker. 

Science  is,  when  defined  in  the  light  of  this  discussion, 
an  effort  to  develop  a coherent  system  of  concepts  which 
shall  systematically  record  the  essential  relations 
presented  in  experience.  The  scientifically  trained 
mind  is  supplied  with  a large  number  of  ideational 
relations  which  serve  as  guiding  suggestions,  and 
any  new  situation  is  therefore  anal3^zed  with  greater 
ease,  because  the  scientist  goes  more  directl}^  about  his 
search  for  the  essential  relations  involved.  The  ability 
to  abstract  from  confusing  details,  and  to  concentrate 
attention  upon  recurring  general  relations,  comes  to  be 
a habit  of  mind.  We  are  justified,  accordingl}',  in 
speaking  of  an  analytical  and  scientific  mode  of  thought. 
In  such  a phrase  we  are  obviously  not  referring  to  con- 
tent factors  in  consciousness,  but  rather  to  forms  of 
rearrangement  and  organization  within  experience  of 
those  contents  which  are  for  the  most  part  the  same  as 
the  contents  presented  in  ordinary  consciousness. 

The  analytical  character  of  science  is  well  shown 
by  its  devotion  to  experimentation.  An  experiment 
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consists  in  the  careful  preparation  of  the  conditions 
under  which  a given  phenomenon  appears,  and  the  sub- 
sequent deliberate  modification  of  certain  of  these  con- 
ditions. An  experiment  is  thus  merely  an  objective 
form  of  analysis.  In  general,  it  may  be  said  that  the 
manipulation  of  conditions  is  the  means  employed 
to  aid  in  building  up  an  idea  of  the  essential  rela- 
tions, these  being  more  easily  seen  when  they  are 
varied  independently  of  the  other  phases  of  the  situa- 
tion. Thus,  if  it  is  found  that  the  movement  of  a 
magnetic  needle  is  affected  by  the  withdrawal  or  ap- 
proach of  a coil  of  wire  carrying  an  electric  current, 
then  the  relationship  between  magnetism  and  elec- 
tricity obtrudes  itself  upon  the  observer  in  such  a 
way  as  to  make  the  relationship  easy  of  discovery. 
There  are  certain  cases  in  which  the  relationship  can- 
not be  discovered  without  some  such  deliberate  modi- 
fication of  the  conditions,  because  the  whole  situation 
is  so  complex  that  there  is  no  possibility  of  a purely 
mental  analysis  of  the  situation.  For  example,  when 
a sensor}’’  stimulus  enters  an  animal’s  body,  it  cannot 
be  directly  traced  through  the  complex  tissues;  its  effect 
can,  however,  be  ascertained  by  experimentation,  as  when 
we  give  a particular  stimulus  at  a prearranged  moment 
and  observe  the  effects  by  means  of  some  method  which 
records  the  motor  effects  of  the  excitation. 

A second  method  of  scientific  discovery,  which  also 
indicates  the  importance  of  analysis,  is  that  which 
consists  in  bringing  together  a large  number  of  cases 
of  the  phenomenon  under  investigation.  If  many 
cases  are  brought  together,  there  will  appear  certain 
uniformities  and  certain  variations  in  the  individual 
cases,  and  these  can  be  utilized  in  distinguishing  be- 
tween the  essential  and  unessential  factors  of  the  phe- 
nomenon. Wherever  a certain  factor  or  relation  occurs 
only  in  a few  cases  of  the  phenomenon  and  is  absent 
in  many,  we  recognize  it  as  purely  accidental  and  in- 
significant for  the  particular  investigation  in  hand. 
On  the  other  hand,  a factor  or  relation  which  is 
always  present  requires  more  serious  consideration. 
If,  after  this  simpler  form  of  comparison,  the  factors 
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or  relations  which  are  always  present  can  be  further 
investigated,  and  it  can  be  shown  that  in  certain  addi- 
tional cases  the  phenomenon  is  always  absent  when 
the  factors  and  relations  under  consideration  are  with- 
drawn, then  these  necessary  factors  and  relations  come 
to  be  regarded  as  e.ssential. 

These  methods  of  analysis  by  positive  and  negative 
comparison  should  be  clearly  understood  to  involve 
a large  element  of  thought  analysis,  in  addition  to 
mere  observation.  The  mistake  has  sometimes  been 
made  in  empirical  science  of  believing  that  the  accu- 
mulation of  facts  constitutes  in  itself  supreme  scien- 
tific attainment.  This  notion  can  be  refuted  by  an 
appeal  to  the  history  of  science.  The  great  movements 
in  the  world  of  science  originate  in  broad  generaliza- 
tions which  constitute  the  conceptual  and  ideational 
formulation  of  observations.  The  formulation,  to  be 
sure,  could  not  have  been  made  without  content,  but 
the  discovery  of  a broad  general  relation  is  a higher 
form  of  achievement  than  merely  recording  observa- 
tions, that  is,  iDresenting  new  contents. 

It  has  always  been  one  of  the  most  difficult  questions 
of  scientific  method  to  decide  how  man}^  cases  are  re- 
quired to  establish  a scientific  principle.  For  example, 
how  many  cases  are  necessary  before  the  conclusion 
that  gravity  operates  between  all  bodies  can  be  thor- 
oughly established  in  science?  If  one  asks  such  a 
question  as  this,  it  is  not  unlikely  that  he  is  committing 
a fallacy  by  assuming  that  the  amount  of  material 
upon  which  the  principle  is  based  determines  the  va- 
lidity of  the  principle.  He  will  be  likeh’  to  answer 
his  own  question  in  that  case,  by  saying  that  there  is 
no  final  certainty  until  science  has  exhausted  all  of  the 
possible  circumstances  under  which  the  phenomenon 
may  arise.  The  collection  of  all  possible  cases  is, 
however,  impossible  in  view  of  the  fact  that  there  are 
future  cases  of  the  phenomenon  which  have  not  yet 
arisen  and  which  therefore  cannot  be  subjected  to 
present  scientific  study.  As  a matter  of  practical 
fact,  science  does  not  wait  for  the  collection  of  great 
numbers  of  cases.  It  waits  only  for  the  discovery 
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of  a principle  which  is  thoroughly  valid  in  any  given 
case.  If  science  can  discover  a definite  relation  by 
the  careful  scrutiny  of  a single  case,  the  principle 
which  it  discovers  is  valid,  even  though  it  was  discov- 
ered without  attempting  to  accumulate  all  possible 
cases.  The  answer,  therefore,  to  the  question,  how 
many  cases  are  necessary  for  the  establishment  of  a 
principle,  is  that  just  so  many  cases  are  necessary  as 
are  required  to  make  clear  the  type  of  relation  which 
is  involved  between  the  facts  under  investigation. 

Newton  undoubtedly  did  more  for  the  establishment 
of  the  principle  of  gravity  b}^  the  clear  demonstration 
of  the  operation  of  that  principle  in  the  relation  be- 
tween the  moon  and  the  earth,  than  could  have  been 
done  by  the  addition  of  five  thousand  cases  of  the  opera- 
tion of  gravity  on  the  earth’s  immediate  surface.  An 
analysis  of  a single  crucial  case  is  very  frequently 
enough  to  estal^lish  a scientific  principle  of  great  gener- 
ality. The  crucial  character  of  the  case  is  to  be  found, 
not  in  its  own  immediate  scope,  but  rather  in  its  appro- 
priateness to  the  analysis  in  hand. 

The  foregoing  discussions  have  led  us  far  into  the  Logic  and 
domain  of  logic.  It  is  the  function  of  logic  to  classify 
judgments,  describe  modes  of  reasoning,  and  discover 
the  norms  of  correct  and  valid  thought.  The  work 
of  logic  has  sometimes  been  done  without  a preliminary 
psychological  analysis,  such  as  has  been  taken  up  in 
the  foregoing  paragraphs.  Logic  becomes  then  merely 
a record  of  what  have  been  found  in  practical  thought 
to  be  correct  modes  of  thinking.  The  norms  which  it 
lays  down  can  be  tested,  but  they  cannot  be  explained. 
Explanation  depends  upon  psychological  analysis. 

The  function  of  psychology  is  not  to  discover  the  laws 
of  correct  reasoning,  but  rather  to  supply  the  analyses 
which  shall  make  the  discoveries  of  logic  intelligible. 

Logic  is  thus  the  formal  science  laying  down  the  norms 
or  laws,  while  psychology  is  the  explanatory^  science 
dealing  with  the  phenomena  in  such  a way  as  to  dis- 
cover their  characteristics. 

The  tendency  in  some  quarters  has  loeen  to  look  upon 
the  laws  of  reasoning  and  judgment  as  beyond  the 
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scope  of  psychology,  as  superior  to  all  the  known 
conditions  of  mental  activity.  The  foregoing  discus- 
sions show  that  reasoning  is  nothing  more  nor  less  than 
an  elaborate  form  of  organization  of  experience.  Step 
by  step  our  discussions  have  led  us  from  the  simplest 
and  most  direct  elements  of  experience,  namely,  sen- 
sations, through  various  forms  of  arrangement,  through 
certain  indirect  types  of  reproduction  and  reorganiza- 
tion, to  the  complex  processes  of  combination  found  in 
judgment  and  reasoning.  Indeed,  we  may  as.sert  that 
these  highest  processes  have  physiological  conditions  of 
a type  with  which  our  previous  study  has  made  us 
familiar. 

The  complex  associational  proce.sses  in  the  cerebrum 
are  related  to  the  higher  forms  of  conception,  judgment, 
and  reasoning.  Whenever  a stimulus  causes  an  im- 
pression which  in  turn  arouses  a train  of  thought,  there 
is  a period  of  delay  during  which  the  sensory  impre.s- 
sion  is  much  elaborated  through  association.  This 
shows  itself  in  the  fact  that  the  excitation  is  not  imme- 
diately discharged  through  the  motor  centers  in  the 
form  of  a reaction.  The  delay  due  to  associative  organ- 
ization may  extend  over  minutes  or  hours  or  even  days. 
Some  of  the  impressions  received  into  the  cerebrum 
are  utilized  only  after  the  most  elaborate  reorganiza- 
tions. It  is  in  connection  with  these  more  elaborate 
processes  of  reorganization  that  the  higher  forms  of 
conceptual  activity  appear.  We  do  not  know  in  par- 
ticular cases  the  special  nervous  structures  or  processes 
involved,  but  it  is  certain  in  general  that  the  relations 
exhibited  in  these  higher  forms  of  thought  are  condi- 
tioned by  physiological  processes  in  the  indirect  asso- 
ciation areas  of  the  cerebrum.  The  most  important 
fact  for  our  consideration  is  that  they  are  not  direct 
sensory  processes,  but  processes  of  reorganization. 

These  indirect  neural  processes  have  relations  analo- 
gous to  those  discussed  in  treating  of  the  harmony  and 
conflict  of  motor  processes.  We  know  from  intro- 
spection that  when  the  tendencies  of  thought  aroused 
by  two  concepts  or  judgments  are  congruous,  there  is 
a distinctly  pleasurable  feeling  in  experience.  When, 
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on  the  other  hand,  there  is  hesitation  or  doubt  due  to 
conflict  among  the  processes  of  thought,  there  arises 
a feeling  of  displeasure.  When  a new  concept  or  judg- 
ment fits  into  the  thought  of  the  subject  so  as  to  pro- 
mote that  thought  and  carry  it  forward  to  its  issue, 
there  is  marked  attention.  When  a new  concept  has 
no  significant  relation  to  the  individual’s  modes  of 
thought,  it  will  be  neglected.  These  introspective 
facts  are  so  closely  related  to  those  which  appeared  in 
the  study  of  feelings  and  attention  in  connection  with 
percepts,  that  we  must  assume  for  the  higher  feelings 
the  same  type  of  neural  conditions  as  those  which  under- 
lie sensory  feelings. 

The  feelings  which  attach  to  ideas  and  judgments 
and  reasoning  are  in  many  cases  very  obviously  re- 
lated to  nervous  processes  which  lead  to  immediate 
bodily  movements.  The  facial  expression  and  tone  of 
voice  often  exhibit  the  exultation  or  depression  which 
accompany  successful  reasoning  processes,  or  they  ex- 
hibit in  other  cases  doubt  and  inability  to  solve  the 
problem  in  hand.  The  experience  in  such  cases  is  a 
complex  involving  indirect  conceptual  processes  and 
direct  attitudes  accompanied  by  direct  forms  of  bodily 
activity. 

Whether  there  are  indirect  attitudes  not  related  to 
bodily  responses  of  some  kind  is  a question  the  answer 
to  which  will  depend  upon  the  meaning  of  the  term 
indirect  attitude.  One  can  very  easily  construct  an 
idea  of  himself  in  a pleasant  or  unpleasant  situation. 
If  the  idea  becomes  vivid,  it  is  likely  to  arouse  a direct 
attitude  accompanied  by  expressive  activities  appro- 
priate to  the  ideated  situation.  If  the  idea  is  not 
vivid  enough  to  become  a subject  of  direct  concern 
to  the  thinker,  then  there  may  be  an  idea  of  the  feeling 
without  the  feeling  itself.  In  general,  then,  we  may 
conclude  that  there  are  no  indirect  attitudes  as  there 
are  indirect  forms  of  ideational  experience.  All  feelings 
are  direct  even  if  they  grow  out  of  agreements  or  dis- 
agreements between  ideational  processes. 

The  complex  character  of  all  the  higher  forms  of 
feeling  and  attention  depends  upon  the  complexity 
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of  the  relation.s  out  of  which  these  attitudes  grow.  We 
speak  of  f)ur  ideal  feelings  and  of  our  finer  emotions 
and  hold  these  to  be  superior  to  our  sensory  feelings. 
The  distinction  is  more  a distinction  of  matter  and 
complexity  than  of  the  feeling  state  itself. 

'i'hese  discussions  show  how  little  ground  there  is 
for  a new  classification  or  description  of  the  so-called 
higher  feelings.  Sometimes  the  word  “emotion”  is 
used  to  refer  to  the  feelings  related  to  ideas.  The  word 
“emotion”  is  in  other  cases  u.sed  to  designate  a com- 
plex group  of  experiences.  Thus,  pleasure  would  be 
described  as  a feeling,  while  sesthetical  satisfaction 
would  be  described  as  an  emotion,  both  on  account  of 
its  complexity  and  on  account  of  its  relation  to  higher 
forms  of  experience.  The  word  “sentiment”  has 
sometimes  been  used  to  de.signate  the  emotional  atti- 
tude toward  the  higher  concepts.  Thus,  reverence, 
admiration,  and  awe  are  higher  .sentiments. 

There  is  one  type  of  experience  which  has  been  va- 
riously classed  as  an  idea,  an  emotion,  and  a tendency 
toward  behavior;  that  experience  is  what  we  de.scribe 
by  the  term  belief.  There  is  justification  for  each  of 
these  classifications.  Belief  as  a form  of  thought  grows 
out  of  the  harmony  between  a present  idea  or  percept 
and  earlier  ideas  or  percepts.  Thus,  one  can  believe 
any  suggested  idea  which  does  not  conflict  with  past 
experiences.  Belief  is  a form  of  feeling,  in  that  it 
is  related  to  the  attitude  of  acceptance  which  attaches 
to  the  given  idea  when  it  fits  into  experience.  The 
idea  may  be  painful  on  the  feeling  side,  because  it 
does  not  fit  into  the  plans  and  hopes  of  the  in- 
dividual, but  it  is  believed,  because  it  fits  into  the 
other  experiences  so  completely  as  to  demand  that  it 
be  accepted  as  true.  Finally,  belief,  like  ever}'  other 
aspect  of  experience,  is  related  to  behavior,  either  present 
or  potential.  We  act  on  our  beliefs,  because  these  are 
the  accepted  forms  of  organized  experience,  or  in  any 
event  we  guide  our  conduct  either  afhrmativel}’  or 
negatively  by  what  we  organize  into  the  sum  total 
of  experience.  Belief  is  thus  seen  to  be  a name  for 
the  general  fact  that  certain  experiences  are  organized 
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in  harmony  with  one  another  and  are  accepted  as  the 
basis  of  individual  attitudes  and  of  individual  con- 
duct. 

The  discussion  of  the  higher  feelings  or  emotions  Problem  of 
could  be  extended  without  limit,  for  there  are  as  many 
types  of  emotional  attitude  as  there  are  concepts  and 
ideational  relations  in  mental  life.  The  relation  of  inga. 
psychology’’  to  the  feelings  differs  somewhat  from  the  re- 
lation of  psychology  to  concepts.  It  is  not  the  duty 
of  psychology  to  discuss  all  of  the  concepts.  Physics 
deals  with  one  group  of  concepts,  chemistry  with  an- 
other, biology  with  another.  The  business  of  psy- 
chology is  not  to  attempt  to  duplicate  the  work  of 
those  special  sciences,  but  merely  to  indicate  the  origin 
and  character  of  all  conceptual  processes.  There 
would  be  more  justification  for  a catalogue  of  the  emo- 
tions in  a text-book  on  psychology,  for  they  are  forms 
of  consciousness  growing  out  of  interrelations  between 
various  ideational  and  perceptual  experiences.  But  the 
description  of  special  feeling  attitudes  may  be  left  to 
literature  and  the  fine  arts  and  to  the  related  sciences 
of  aesthetics  and  ethics.  It  is  the  duty  of  aesthetics  to 
deal  with  the  sentiments  and  attitudes  related  to  the 
concept  of  the  beautiful,  and  the  duty  of  ethics  to 
deal  with  the  moral  sentiments.  The  work  of  psychol- 
ogy in  this  sphere  may  be  regarded  as  completed  with 
the  general  outline  of  the  nature  of  the  emotions  and 
the  presentation  of  a few  illustrative  cases. 
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Among  the  concepts  which  are  built  up  in  practical 
life  and  refined  by  scientific  study,  there  is  one  which 
is  of  special  significance  to  the  student  of  psychology. 
It  is  the  concept  of  the  self.  So  significant  Ls  thLs 
concept  for  our  ordinary  behavior  and  thought,  that 
many  have  regarded  it  as  immediate  in  character  and 
as  much  more  fundamental  than  any  other  concept. 
Indeed,  there  are  some  who  are  prepared  to  say  that 
the  recognition  of  the  self  is  even  more  direct  than  the 
process  of  conception ; that  the  self  is  a kind  of  directly 
perceived  entity;  that  there  is  no  stage  of  mental 
life  in  which  there  is  not  an  immediate  recognition  of 
the  existence  and  significance  of  the  self. 

When  we  study  the  development  of  the  individual, 
it  is  obvious  that  the  statement  just  referred  to,  that 
every  human  being  has  a direct  recognition  of  the  self 
from  the  first,  cannot  be  seriously  considered  by  anj’- 
one  without  the  qualification  that  the  degree  of  this 
immediate  consciousness  of  the  self  is  not  the  same  in 
early  childhood  and  in  mature  life.  The  child  un- 
questionably does  not  recognize  himself  in  any  such 
clear  way  as  does  the  mature  adult.  If  the  mature 
individual  is  asked  what  constitutes  his  own  self,  he 
is  able  to  refer  to  certain  leading  characteristics  of  his 
personality  which  obviously  could  not  be  known  or 
recognized  by  the  child.  There  is,  therefore,  ample 
justification  from  any  point  of  view  for  the  discrimi- 
nation of  several  grades  of  developing  selfhood,  and 
whatever  his  general  position,  the  psychologist  must 
define  these  successive  grades  of  development  as  vary- 
ing degrees  of  self-consciousness.  The  development 
of  self-consciousness  differs  in  one  important  respect 
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from  all  other  forms  of  consciousness.  No  new  physical 
fact  is  developed  in  the  world  through  the  development 
of  an  idea  of  matter  or  of  physical  bodies,  but  when 
the  consciousness  of  self  grows,  there  is  a change  in 
the  nature  of  the  self.  There  grows  up  in  the  midst 
of  mental  life  a fixed  center  of  dispositions  and  tend- 
encies of  thought,  which  in  time  not  only  comes  to 
be  recognized  as  distinctly  different  from  the  outside 
world  and  from  the  centers  of  interest  and  thought 
in  other  personalities,  but  also  becomes  more  fixed  by 
virtue  of  the  fact  that  it  is  thus  clearly  recognized. 
This  central  core,  which  constitutes  the  intimate  self 
of  every  individual,  is  quite  inexplicable  without  ref- 
erence to  development.  Such  consideration  of  the 
development  of  the  self  as  the  center  of  personal  interest 
and  personal  attitudes,  lays  the  foundation  for  the  dis- 
cussion of  the  scientific  concept  of  the  self  which  grows 
out  of  our  psychological  study.  Furthermore,  it  gives 
to  the  self  exactly  the  same  scientific  standing  as 
belongs  to  atoms  or  gravity  or  any  of  the  other  concep- 
tual generalizations  of  the  sciences.  The  mistake  has 
often  been  made  of  demanding  a perceptual  account 
of  the  self.  The  experiences  of  life  are  the  perceptual 
manifestations  of  the  self,  just  as  ordinary  percepts  are 
the  manifestations  of  matter.  Matter  can  be  reached 
only  by  conceptual  thought-processes.  So  also  with  the 
self,  it  can  be  reached  only  through  conceptual  generali- 
zation. 

Let  us  attempt  to  formulate  what  we  know  of  the 
most  primitive  stages  of  individual  experience,  in  order 
that  we  may  arrive  at  some  notion  of  what  experience 
is  like  before  there  is  any  recognition  of  the  self  as  a 
conceptual  center  of  this  experience.  The  simplest 
forms  of  animal  behavior  do  not  indicate  any  large 
degree  of  discrimination  between  the  factors  of  impres- 
sion, nor  any  clear  marking  off  of  impression  from 
expression.  The  activity  which  follows  upon  impres- 
sion is  so  direct  that  there  is  no  time  for  the  interpola- 
tion of  any  factor  between  impression  and  expression. 
Much  the  same  kind  of  situation  appears  when  we 
examine  the  human  infant.  There  is  an  inherited 
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mechanisiii  in  the  instincts  which  supplies  appropriate 
responses  to  certain  stimuli,  but  there  is  little  conscioas 
discrimination  on  the  part  of  the  individual.  Fur- 
thermore, the  instinctive  attitude  is  so  highly  organ- 
ized at  the  first  that  there  can  be  little  rea.son  for  the 
discrimination  of  sensation  from  respon.se.  Rather 
must  it  be  true  that  sensation  and  resjjon.se  blend  in 
an  experience  which  is  overwhelmingly  responsive  in 
character  and  little  discriminated  into  elements.  Such 
experience  demands  no  conceptual  elaboration. 

The  development  from  this  point  must  be  toward 
the  discrimination  of  phases  of  experience.  Probably 
there  is  a gradual  differentiation  of  the  sensory  ele- 
ments from  one  another  and  of  the  sen.sory  elements 
from  the  individual  attitudes  and  resportses.  Even 
perceptual  life  cannot  go  forward  without  the  recog- 
nition of  experience  as  made  up  of  elements,  some  of 
which  can  be  centered  about  objective  nuclei  to  con- 
stitute what  we  have  called  the  unity  of  things.  As 
soon  as  things  begin  to  be  recognized,  there  must  be  a 
tendency  to  formulate  all  the  attitudes  toward  things 
into  a kind  of  personal  unity  or  self.  The  construction 
of  such  an  idea  of  a self  in  contrast  with  things  Ls  a 
slow  and  complex  process. 

Undoubtedly,  a child’s  contact  with  his  own  body 
is  very  important  in  building  up  some  early  crude  dis- 
tinctions between  impressions  and  attitudes.  When 
the  child  handles  his  own  feet,  he  finds  that  the  im- 
pression he  receives,  and  the  attitudes  into  which  he 
is  thrown  by  the  double  stimulation  of  two  parts  of 
his  body,  are  entirely  different  from  the  impressions 
which  he  receives  and  the  simpler  attitudes  into  which 
he  is  thrown  by  the  stimulation  of  one  of  his  members 
through  some  external  object.  He  thus  comes  to  dis- 
tinguish between  his  body  and  the  external  world 
in  the  course  of  the  development  of  his  experiences. 
The  body  is  a part  of  the  world  with  characteristics 
different  from  the  other  factors  which  he  recognizes 
through  his  senses.  There  is  probably  some  ground 
in  this  fact  for  the  statement  that  the  child’s  earliest 
recognition  of  himself  is  of  the  nature  of  a percept  and 
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relates  to  his  physical  organism.  It  is  certainly  true 
that  children  apply  the  first  personal  pronoun  very 
early  in  life  to  objective  facts  which  pertain  directly 
to  themselves,  especially  to  their  bodies.  The  rela- 
tively objective  character  of  the  experience  of  self  at 
this  stage  is  shown  by  the  fact  that,  in  addition  to  his 
own  body,  the  child  attaches  to  himself,  as  a part  of 
what  he  calls  himself,  the  possessions  which  he  comes 
to  recognize  as  his  individual  property.  The  external 
world  is  broken  up  into  the  meuni  and  tuum,  and  the 
general  notion  of  that  which  belongs  to  the  individual 
himself  is  gradually  distinguished  from  that  which 
belongs  to  others,  but  the  meum  is  not  primarily  a 
subjective  fact.  It  is  looked  at  through  consciousness, 
but  that  consciousness  is  very  little  self-consciousness 
in  the  abstract  and  purely  subjective  sense  in  which 
we  use  that  term  in  mature  life. 

Such  considerations  as  these  tend  to  show  that  the 
general  idea  of  that  which  pertains  intimately  to  self 
is  a product  of  discriminative  analysis,  rather  than  a 
fact  of  primitive  consciousness.  So  far  as  we  under- 
stand immediate  consciousness  in  its  early  stages, 
there  appears  to  be  little  or  no  ground  for  assuming 
that  there  is  present  any  complete  discrimination  of 
the  self  on  the  one  hand  and  things  on  the  other.  Even 
in  mature  life  the  distinction  between  the  self  and 
non-self  is  not  always  drawn.  The  man  who  is 
hurrying  to  catch  a street-car  has  a vivid  experience, 
but  it  is  not  nicely  analyzed.  The  hungry  man  with 
food  before  him  is  little  more  self-conscious,  if  indeed 
any  more  self-conscious,  than  the  animal  which  spends 
all  of  its  time  and  energy  in  the  eager  pursuit  of  food. 

Evidence  of  the  lack  of  clear  discrimination  between 
things  and  the  self  is  to  be  found  in  the  fact  that  in 
primitive  human  life  the  attributes  which  later  will  be 
consolidated  into  an  idea  of  the  self,  are  confused  with 
external  physical  facts.  In  other  words,  when  ideas  first 
begin  to  be  formed  of  things  and  of  the  self,  the  two 
types  of  ideas  are  not  clearly  distinguished.  The  self 
is  thought  of  in  distinctly  materialistic  terms,  while  ex- 
ternal objects  are  thought  of  as  having  personal  atti- 
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tudos  and  personal  eliaraetcristies.  Savages  show  a 
tendeney,  as  was  pointed  out  in  an  earlier  discussion, 
to  personify  everything,  and  children  show  the  same 
tendency.  To  the  savage  every  natural  phenomenon 
is  the  expression  of  some  personal  will.  Every  object 
with  which  he  comes  in  contact  is,  like  him.self,  a per- 
son full  of  emotion  and  resentments.  The  process  by 
which  this  undifferentiated  world  is  broken  up  into 
clearly  contrasted  things  and  the  self,  is  the  total  pro- 
cess of  mental  development.  The  child  sees  that  things 
do  not  change  with  his  changing  attitudes  toward 
them.  There  are  certain  attributes  of  experience 
which  do  not  respond  to  his  most  violent  efforts ; these 
he  objectifies  and  comes  to  contrast  with  his  personal 
attitudes,  which  are  closely  related  to  his  experiences 
of  effort.  Every  step  in  the  definition  of  the  outer 
world  is  a step  in  the  definition  of  the  self.  With  the  rise 
of  social  relations  the  opportunities  for  developing 
ideas  of  the  self  are  greatly  increased,  becaase  other 
selves  are  at  once  analogous  to  the  personal  self  and 
yet  sufficiently  contrasted  with  the  personal  self  to 
give  sharply  distinguished  character  to  the  purel}' 
personal  interests  which  constitute  the  discriminated 
self. 

What  brings  any  individual  to  a clear  recognition 
of  himself  will  probably  depend  upon  the  accidents  of 
individual  fortune.  The  struggle  of  personal  inter- 
ests with  some  unyielding  objective  fact  may  accom- 
plish it.  The  development  of  an  idea  of  some  other 
self,  opposed  in  interest  to  the  self,  is  often  a powerful 
incentive  to  the  recognition  of  one’s  own  self.  His- 
torically, it  has  repeatedly  been  pointed  out  that  the 
national  spirit,  which  is  analogous  to  personal  self- 
consciousness,  often  grows  out  of  some  contest.  In 
like  fashion,  the  clear  idea  of  the  self  undoubtedl}' 
rises  out  of  some  contest  of  opposing  interests.  In- 
deed, the  transition  from  another  self  to  one’s  own 
self  is  so  natural  that  one  finds  that  he  continuallj" 
represents  himself  in  his  own  thought  as  a kind  of 
outside  personality  who  is  being  observed  in  an  ob- 
jective way.  Whatever  may  be  the  mode  of  sharp 
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differentiation  of  the  self  from  the  rest  of  the  world,  it 
is  an  event  in  mental  development,  not  a primary  fact. 

That  the  development  of  the  concept  of  the  self 
depends  upon  the  circumstances  of  experience  appears 
from  the  fact  that  the  different  accidents  of  life  lead 
to  the  development  of  a series  of  different  aspects  of 
the  self.  Professor  James  has  vividly  described  this 
phase  of  development  by  saying  that  we  are  all  of  us 
composite  selves  made  up  of  the  social  self,  the  busi- 
ness self,  the  literary  self,  and  so  on  through  the  full 
list  of  our  activities  and  interests.  The  business  self 
is  that  compact  group  of  intimate  experiences  and 
personal  attitudes  which  are  distinguished  and  repre- 
sented in  the  form  of  a clear  idea  whenever  we  find 
ourselves  called  upon  to  think  of  our  relations  to  certain 
commercial  transactions.  If,  for  example,  some  one 
makes  me  a proposition  with  regard  to  the  purchase  of 
a house,  I am  immediately  led  to  consider  all  of  those 
personal  concerns  which  would  be  involved  in  such  a 
transaction.  I do  not,  for  the  moment,  think  of  the 
scientific  interests  which  might  have  been  aroused  by 
some  reference  to  the  department  of  educational  activity 
in  which  I am  engaged.  In  other  words,  the  organ- 
ization of  our  experience  into  near  and  intimate 
phases,  and  the  development  of  contrasts  between 
these  near  and  intimate  phases  of  experience  and  those 
phases  which  are  more  remote,  is  a process  of  differ- 
entiation. Early  experience  contained  some  of  the 
elements  of  this  contrast  between  the  self  and  the  ex- 
ternal world,  but  the  working  out  of  the  contrast  in 
all  of  its  ramifications  is  the  result  of  experience.  On 
the  physiological  side,  there  are,  of  course,  at  all  stages 
of  e.xistence  the  individual  nervous  system  with  its 
processes  which  are  distinct  from  the  processes  in  the 
material  world,  but  the  self  as  a unique  fact  in  con- 
sciousness does  not  rise  through  the  mere  separate 
e.xistence  of  processes  in  an  individual  body.  The  true 
self  is  the  being  conscious  of  his  own  place  in  the 
world.  There  may  be  a separate  physiological  being 
without  self-consciousness,  as  when  one  falls  asleep, 
but  this  is  not  a true  self.  Only  in  so  far  as  the  self 
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is  recognized  a,s  a system  of  experiences  or  processes  does 
it  have  definite  character.  The  consummation  of  the 
conditions  which  make  possible  personal  selves  is, 
therefore,  the  development  of  a compact  group  of  rela- 
tions into  a single  idea  or  concept. 

One  of  the  chief  conditions  for  this  development 
of  a self-conscious  personality  is,  as  pointed  out  above, 
the  social  distinction  between  one’s  own  personal  atti- 
tudes and  the  personal  attitudes  of  other  individuals. 
If  two  individuals  stand  in  the  presence  of  exactly 
the  same  fact  of  external  experience  and  find  themselves 
assuming  toward  this  experience  attitudes  which  are 
totally  different  from  each  other,  there  will  be  a power- 
ful motive  for  both  individuals  to  give  a higher  degree 
of  attention,  not  only  to  the  fact  at  which  they  are 
looking,  but  especially  to  their  own  w'ays  of  responding 
to  this  fact.  This  personal  character  of  individual 
response  is,  therefore,  constantly  forced  upon  one’s 
attention  through  his  relations  with  the  social  world. 
The  contrasts  of  selves  is  largely  dependent  on  the  ase 
of  language.  One  sees  that  all  the  words  referring  to 
spatial  directions,  for  example,  center  about  his  own 
body  and  about  himself.  One  finds  that  he  uses  active 
or  passive  verbs  in  an  entirely  different  way  than  could 
his  neighbor.  One  finds,  in  short,  that  his  expres- 
sions are  arranged  and  organized  around  a different 
center  than  are  the  expressions  of  every  other  human 
being.  So  impressive  does  this  contrast  between  in- 
dividual attitudes  become,  that  ultimatel}^  when  we 
find  ourselves  in  agreement  with  others,  we  are  impressed 
with  the  agreement,  as  in  earlier  cases  we  were  impressed 
by  the  differences,  in  mental  attitude.  The  result  is 
that  our  contact  with  the  social  world  is  a constant 
stimulus  to  the  development  of  a more  and  more  clearly 
defined  recognition  of  the  self.  The  child  undoubted!}^ 
comes  to  self-consciousness  through  his  use  of  language 
more  than  through  any  other  means. 

Some  idea  of  the  self,  based  upon  discrimination 
of  one’s  own  attitudes  from  the  attitudes  of  other 
persons,  is  developed  in  a wholly  unscientific  way  b}'^ 
every  individual,  just  as  the  discrimination  of  the 
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individual  body  and  the  individual  possessions  from 
the  rest  of  the  physical  world  arises  naturally  in  the 
course  of  personal  life  without  any  effort  at  systematic 
definition.  Be}'ond  this  natural  discriiuination,  one 
may  attempt  to  cultivate  a more  highly  refined  formu- 
lation of  his  personal  attitudes  and  personal  character- 
istics, and  yet  not  pass  directly  into  science. 

To  illustrate  certain  cases  in  which  elaborate  idea- 
tion takes  a form  other  than  the  scientific,  we  may 
refer  to  certain  phases  of  literary  criticism.  If  one 
begins  the  criticism  of  any  piece  of  literature,  he  will 
constantly  be  contrasting  the  impression  which  the 
author  intended  to  produce  with  the  personal  attitude 
aroused  in  himself  through  the  statements  which 
he  reads.  There  will  thus  be  a certain  social  contrast 
between  the  individual  and  the  author,  and  this  will 
not  be  dependent  upon  the  mere  accidents  of  ordinary 
life,  but  it  will  be  deliberate!}'-  cultivated  for  the  purpose 
of  refining  and  critically  elaborating  one’s  own  taste. 
In  some  ca.ses  this  may  take  the  form  of  an  effort  to 
conform  these  personal  tastes  or  attitudes  to  the 
standards  which  have  evidently  been  adopted  by 
great  masters.  There  is  here  an  unquestionable  tend- 
ency to  refine  the  notion  of  the  self  at  the  same  time 
that  one  cultivates  attitudes  toward  the  objective 
facts. 

Another  illustration  of  the  non-scientific  cultiva- 
tion of  the  concept  of  the  self  will  appear  if  we  refer 
to  the  attitude  which  is  assumed  by  many  individuals 
in  the  contemplation  of  their  own  origin  and  destiny. 
The  religious  attitude  has  undoubtedly  contributed 
more  to  the  definition  of  self  in  the  minds  of  unscien- 
tific individuals  than  any  other  system  of  thought  or 
activity  in  the  world’s  history.  One  here  asks  himself, 
not  what  is  his  relation  to  the  canons  of  taste  estab- 
lished by  master  writers  and  artists,  but  rather  how 
fully  his  own  personal  attitudes  conform  to  what  he 
understands  to  be  the  demands  of  the  laws  governing 
his  destiny.  The  system  of  laws,  which  he  accepts 
as  a system  of  higher  law,  may  lie  derived  from  very 
different  sources,  but  in  any  case,  whether  it  be  the 
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religious  faith  of  the  savage  or  the  systematized  theol- 
ogy of  the  most  highly  cultivated  devotee  of  an  elabo- 
rate religious  system,  there  is  always  in  religious  thought 
and  aspiration  a comparison  between  the  demands  of 
the  religious  system  and  the  demands  of  individual 
interest  and  feeling.  The  notion  of  the  self  comes 
to  have  a compactness  and  importance  under  this 
system  of  religious  self-examination  which  it  could 
never  attain  by  mere  social  contrast  with  the  experi- 
ences of  other  individuals  or  in  the  pre.sence  of  phj-sical 
objects.  Questions  of  ultimate  destiny  arise,  and 
these  are  answered  in  terms  of  a self  which  is  much 
more  highly  elaborated  than  the  bodily  or  material 
self  upon  which  man  concentrates  his  attention  in 
the  early  stages  of  individual  life  or  the  primitive 
stages  of  mental  development.  We  find,  however, 
many  indications,  as  we  look  into  savage  customs, 
of  a curious  mixture  of  the  primitive  bodily  self  and 
the  religious  self.  The  savage  always  protects  with 
great  care  the  bodily  remains  of  those  whom  he  would 
serve,  and  he  mutilates  and  destroys  the  body  of  an 
enemy.  He  very  frequently  goes  much  further  than 
this  and  attempts  to  preserve,  with  a view  to  the 
enrichment  of  future  existence,  those  material  prop- 
erties which  in  this  life  have  constituted  the  broader 
self.  Such  crude  expressions  of  the  effort  to  develop 
a single,  coherent  self,  as  these  which  we  find  among 
savages,  are  paralleled  in  much  more  highh’-  refined 
and  ideal  forms  in  the  notions  of  individual  selfhood 
and  of  what  is  essential  to  this  selfhood  in  the  more 
abstract  beliefs  and  usages  of  civilized  peoples. 

The  influence  of  theological  and  religious  conceptions 
has  been  apparent  even  in  the  older  phj’^sical  sciences. 
For  example,  there  was  in  the  mediaeval  religious  world 
a very  definite  attitude  which  tended  to  regard  matter 
as  a form  of  reality  opposed  to  all  the  better  phases  of 
spiritual  life.  This  degradation  of  matter  was  un- 
doubtedly related  to  the  desire  to  give  the  highest 
possible  position  to  the  concept  of  the  spiritual  self. 
These  mediaeval  conceptions  of  the  nature  of  matter 
impeded  for  a long  time  the  development  of  natural 
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science,  because  they  tended  to  turn  the  interest  of 
men  away  from  material  processes.  Indeed,  physical 
science  was  at  one  time  treated  as  impious,  and  was 
rendered  by  social  prejudice  dangerous  to  the  lives  of 
those  who  took  it  up.  But  physical  science  succeeded 
in  overcoming  this  prejudice  by  steady  reconstruction 
of  the  fundamental  conception  of  matter.  It  examined 
the  phenomena  in  the  material  world;  it  discovered 
the  essential  relations  which  appear  in  these  phenomena, 
and  gradually  formulated  itself  into  a system  of  con- 
cepts more  applicable  to  the  real  facts  of  experience  than 
the  earlier  dogmatic  concepts  which  were  formed  with- 
out this  close  reference  to  empirical  facts.  There  is 
no  disposition  in  modern  physical  science  to  limit 
the  reconstruction  of  its  concepts  of  matter;  there  is 
rather  a clearly  conscious  disposition  to  include  as 
broadly  as  possible  all  of  the  elements  which  can  be 
discovered.  The  theological  concept  has  been  recon- 
structed in  conformity  with  this  scientific  attitude, 
and  the  influence  of  theological  concepts  is  no  longer 
opposed  to  physical  science. 

The  religious  demands  were  much  more  keenly  felt 
when  the  concept  of  the  self  was  in  process  of  formu- 
lation. The  immortality  of  the  self  was  of  much  greater 
interest  in  mediaeval  times  than  the  processes  of  sensa- 
tion and  perception.  Indeed,  the  religious  conception 
of  the  sacredness  of  the  self  extended  even  to  the  body, 
and  was  undoubtedly  one  of  the  most  potent  forces  in 
preventing  the  development  of  scientific  studies  of 
anatomy  and  physiology.  It  is  not  until  a compara- 
tively recent  date  that  the  science  of  the  physiological 
organism  and  of  psychological  processes  could  break 
away  from  all  presuppositions  and  dogmas  and  begin 
the  careful  collection  and  formulation  of  the  facts  on 
which  to  establish  strictly  scientific  concepts  of  man’s 
physiological  and  psychological  relations. 

The  function  of  psychology  is  to  formulate  a scien- 
tific concept  of  the  self.  This  can  be  done  without 
ignoring  other  formulations  of  the  idea  of  the  self  and 
at  the  same  time  without  bringing  the  scientific  con- 
cept into  subservience  to  these  other  ideas.  It  is,  as  all 
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the  foregoing  discussions  have  shown,  the  duty  of 
psychology  to  ascertain  the  laws  of  mental  activity, 
such  as  the  laws  of  perceptual  fusion  and  ideational 
organization.  As  a result  of  such  scientific  studies,  the 
modern  scientific  notion  of  the  nature  of  knowledge  is 
as  much  clearer  than  the  notions  held  in  earlier  times, 
as  the  modern  physiological  notion  of  blood  circulation 
is  clearer  than  the  earlier  conceptions  of  bodily  nutri- 
tion. It  may  be  stated  of  the  self,  as  of  the  conception 
of  the  material  world,  that  there  is  to-day  a larger  body 
of  facts  on  which  to  found  definite  concepts  than  at 
any  other  period  in  histor}\  That  this  modern  effort  to 
formulate  a concept  of  the  self  has  brought  out  defects 
in  the  earlier  concepts,  no  intelligent  student  of  his- 
tory can  deny.  For  example,  the  concept  of  the  self 
as  independent  in  its  development  of  bodily  organs, 
can  certainly  not  be  defended  in  view  of  our  present 
knowledge.  The  notion  that  the  self  is  absolutely 
free  from  the  operation  of  laws  is  another  impossible 
concept.  The  full  development  of  a self-consistent 
concept  of  the  self  is  by  no  means  an  easy  task,  but  it 
should  not  be  given  up  because  it  involves  the  revision 
of  certain  time-honored  concepts  built  up  on  other 
foundations,  nor  should  it  attempt  to  ignore  these  earlier 
practical  formulations  as  absolutely  useless. 

The  best  adjustment  of  all  disputes  will  be  attained 
if  it  is  recognized  that  the  final  definition  of  the  concept 
of  the  self  is  not  a task  for  any  one  s}'^stem  of  analytic 
thought.  The  analysis  of  the  self  out  of  the  total 
complex  of  experience  demands  attention  to  man}^ 
lines  of  discrimination.  The  formulation  of  a scientific 
statement  of  the  self  cannot  be  a substitute  for  for- 
mulations of  the  practical  sort,  which  grow  up  in  the 
various  contacts  of  the  individual  with  his  physical 
and  social  world.  A fundamental  difference  between 
the  concept  of  the  self,  and  the  concept  which  one  forms 
of  matter,  appears  in  the  fact  that  the  self  is  ultimately 
the  center  of  all  possible  forms  of  relationship.  Ex- 
perience is  engaged  in  working  out  the  relation  of  the 
self  to  other  selves,  to  the  phj'^sical  world,  to  moral 
demands,  to  literary  ideals,  to  all  other  jihases  of 


THE  CONCEPT  OF  THE  SELF 


311 


known  reality.  The  nature  of  this  central  nucleus  of 
all  of  these  different  relations  must,  therefore,  be  de- 
fined in  terms  of  all  the  different  groups  of  relations. 
The  ordinary  view  is  of  the  self  as  a center  of  one  par- 
ticular group  of  business  or  social  relations.  Such  a 
partial  concept  should  be  recognized  as  incomplete. 
The  self  is  very  much  more  elaborate  in  the  possibilities 
of  its  relations  than  any  other  form  of  reality  considered 
in  science.  It  is  characterized,  also,  by  a unique  type 
of  activity  which  we  do  not  know  to  exist  in  any  of 
the  forms  of  reality  about  us,  other  than  personalities 
like  ourselves.  This  type  of  activity  we  describe  when 
we  use  the  word  “consciousness,”  although  this  word 
“consciousness”  is  a name  for  so  fundamental  a form 
of  activity  that  one  can  get  a direct  recognition  of 
its  significance  only  by  looking  within  himself.  The 
ultimate  conception  of  the  self  must,  therefore,  make 
room  for  all  of  these  different  elaborate  phases  of  in- 
terest and  relation,  and  for  the  unique  characteristic 
of  consciousness.  The  self  is  at  once  a center  of  rela- 
tions and  the  consciousness  of  these  relations. 

One  of  the  chief  characteristics  of  the  self,  as  con- 
ceived according  to  the  principles  of  science,  is  its 
unity  and  organization,  as  distinguished  from  the  fac- 
tors which  enter  into  it.  This  unity  of  the  scientific 
self  stands  somewhat  opposed  to  the  disintegrating 
tendencies  of  the  various  interests  to  which  reference 
has  been  made.  The  self,  as  scientifically  conceived, 
must  be  recognized  as  including  in  some  fashion  all 
of  the  minor  selves.  When  thus  considered,  the  pro- 
vision for  the  devotion  of  the  unitary  self  to  different 
kinds  of  interest  at  different  times  must  also  be  ade- 
quately provided  in  the  scientific  definition.  The 
unity  of  the  self  is,  therefore,  not  a constant  and  com- 
plete unit}’ ; it  is  rather  a unity  with  phases  which  are 
susceptible  of  more  or  less  emphasis  at  any  given 
moment.  The  social  self  may  give  way  at  any  given 
time  to  the  business  self  or  to  the  literai-y  self.  The 
religious  self  may  be  for  the  time  being  in  al)eyance  and 
the  political  self  may  be  the  dominating  group  of 
interests.  The  question  immediately  arises,  there- 
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fore,  Where  are  the  unemphasized  phases  of  selfhood 
during  the  emphasis  of  one  or  the  other  group  of  in- 
terests? It  is  because  of  the  necessity  of  including 
many  selves  in  the  central  self  that  the  concept  of 
memory  has  played  the  large  part  which  it  has  in  all 
psychological  discussions  of  the  subject.  The  asser- 
tion of  a retention  of  each  of  the  earlier  forms  of 
experience  in  the  self  in  some  sublimated  form  of  sub- 
consciousness  or  unconsciousness  has  often  been  sug- 
gested as  a solution  of  the  difficulty.  Sometimes  it 
has  been  argued  that  the  effort  to  hold  together  the 
concept  of  unity  and  the  concept  of  conscioiisness 
must  be  frankly  given  up.  Conscioasness  is  a point 
and,  by  its  very  nature,  excludes,  it  is  said,  the  total 
unity.  The  unity  must  be  sought  in  the  non-conscioas 
conditions  of  consciousness,  in  the  physiological  self. 
This  view  is  refined  into  the  statement  that  it  Ls  the 
brain  which  is  the  seat  of  unity.  As  certain  parts  of 
the  brain  are  aroused  to  activity,  one  or  the  other  self 
appears. 

These  suggestions  are  in  keeping  with  the  natural 
tendencies  of  thought  which  seeks  some  concrete  im- 
age as  the  basis  of  every  concept.  Men  have  alwa}'S 
sought  some  concrete  image  of  the  self.  It  is  a ghost, 
or  a breath  of  air,  or  a body,  or  brain,  according  to 
the  degree  of  culture  of  the  thinker.  Whatever  it  is, 
the  image  is  useful  in  exactly  the  same  way  as  an 
illustrative  ball  is  useful  in  explaining  the  concept  of 
an  atom.  The  ball  gives  the  content  to  which  the 
relations  which  constitute  the  essence  of  the  concept 
may  attach.  So  the  attributes  of  the  self  may  be  grouped 
around  the  image  of  the  physical  self  or  around  some 
imaginary  being,  such  as  a ghostly  self.  The  danger 
of  using  such  an  image  lies  in  the  fact  that  some  per- 
sons will  mistake  the  image  for  the  concept.  The  con- 
cept is,  however,  more  than  the  content  factors  which 
enter  into  it.  The  concept,  as  we  are  prepared  by 
earlier  discussions  to  recognize,  is  composed  of  a series 
of  relations  which  attach  to  the  content  factors  and  con- 
stitute the  essence  of  the  concept.  The  conceptual  unity 
of  the  self  is  superior  to  anything  which  can  be  imaged. 
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When  we  consider  the  matter  closely,  the  supposed 
unity  of  the  brain  dissolves  into  a complex,  and  its 
functional  processes  are  recognized  as  many.  The 
unity  which  we  attribute  to  the  brain  is  transferred 
from  the  unity  of  experience  to  the  brain,  which  is 
thought  of  as  the  condition  of  this  unity.  Take  as 
a concrete  illustration  of  this,  the  fact  that  an  individual 
wakes  up  in  the  morning  and  continues  to  have  certain 
experiences  which  are  recognized  as  connected  with 
e.xperiences  of  an  earlier  period  of  life.  The  scientific- 
ally recognized  unity  of  the  nervous  system  in  such 
a case  as  this  is  inferred  from  the  experienced  unity 
of  consciousness,  and  we  say  that  the  nervous  system 
has  undoubtedly  suffered  no  serious  change  in  the  case 
of  the  normal  individual,  just  because  there  is  unity 
in  experience  which  forbids  us  to  infer  any  disintegration 
of  the  conditions  of  experience.  To  think  of  the  con- 
cept of  a unitary  nervous  system,  after  it  has  derived 
its  unity  from  the  study  of  experience,  as  being  superior 
in  unity  to  the  conscious  self,  and  as  explaining  the 
unity  of  the  self,  is  simply  to  invert  the  course  of  human 
thought  and  to  attribute  to  the  derived  concept  a 
validity  and  permanency  which  is  denied  to  the  more 
immediate  concept  from  which  it  is  derived. 

There  can  be  no  higher  justification  for  the  recog- 
nition of  the  imit}'^  of  the  self  than  that  which  is  derived 
from  the  study  of  experience.  Experience  shows,  in 
all  of  its  particular  examples,  that  unity  is  its  funda- 
mental characteristic.  This  unity  which  is  always 
recognizable  in  particular  experiences  is  generalized 
and  attributed  to  the  larger  succession  of  experiences. 
Indeed,  the  unity  of  experience  is  ultimately  transferred 
to  physical  realities,  because  the  conception  of  the  self 
and  the  conception  of  these  physical  realities  have  been 
built  up  in  the  same  consciousness,  and  will,  therefore, 
necessarily  have  attributes  which  are  congruous  with 
one  another.  When  one  comes  back  time  and  time 
again  to  the  same  object  and  recognizes  it  as  familiar 
and  attributes  to  it  a continuity  which  he  has  not 
observed,  he  is  projecting  a practical  concept  into  the 
world  of  outer  realities.  When  science  thinks  of  the 
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earth  as  a unity,  or  of  the  universe  a,s  a unity,  this  is 
a concept,  not  a percept.  The  same  kind  of  compre- 
hensive generalization  appears  in  the  practical  and 
scientific  study  of  self.  It  is  probably  not  true  that 
animals  recognize  their  own  unity.  E.xperience  with 
them  is,  as  it  is  with  us,  a succession  of  interrelated 
events,  but  the  survey  of  the  total  succe,ssion  is  not 
possible  in  the  undeveloped  animal  consciousness.  It 
is  probaldy  not  true  that  children  have  any  broad 
view  of  the  unity  of  their  personalities.  The  ability 
to  remember  is  one  of  the  most  significant  special  ex- 
periences from  which  we  derive  the  content  with  which 
to  construct  a broader  self.  The  ultimate  recognition 
of  the  most  comprehensive  unity  is,  however,  a con- 
ceptual rather  than  perceptual  fact,  even  after  memorj’- 
has  made  its  full  contribution.  To  demand  that  the 
details  of  the  total  unity  be  filled  in  with  a concrete 
image  or  illustration  is  to  demand  even  more  than  nat- 
ural science  would  demand,  if  it  required  a direct  per- 
ceptual representation  of  its  ultimate  substances,  such 
as  the  atoms. 

Scientific  psychology  is  justified  in  insisting  that 
there  is  no  more  definite  unity  in  the  world  than  the 
unity  of  experience.  To  derive  the  nature  of  the  self 
from  a consideration  of  matter,  through  any  second- 
ary consideration  of  other  realities  which  are  known 
only  through  remoter  and  more  indirect  forms  of  con- 
ception, is,  as  has  been  stated  before,  an  inversion  of 
the  problem.  This  is  unquestionably  the  largest  justi- 
fication for  the  statement  that  the  science  of  psj’cholog}^ 
has  to  deal  with  a concept  which  is  not  present  in  any 
of  the  other  sciences.  Indeed,  by  every  possible  device, 
the  other  sciences  strive  to  eliminate  the  self  of  the 
scientist.  The  problem  of  science  as  it  is  defined  in 
the  more  fully  matured  natural  sciences  is,  accordingly, 
so  radically  different  from  the  problem  of  psychology’ 
that  psychology  is  misunderstood  at  times  and  accused 
of  not  being  a science,  because  it  includes  the  self. 
It  is  true  that  the  center  of  conceptual  construction  is 
different  in  psychology  and  the  physical  sciences; 
but  as  systematic  efforts  to  build  up  complete  concepts. 
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both  psychology  and  the  physical  sciences  have  missions 
which  are  supplementary  to  each  other,  so  that  they 
are  in  the  highest  accord,  rather  than  in  conflict. 
Natural  science  strives  to  build  up  concepts  of  objec- 
tive phenomena ; psychology  deals  with  the  self  which 
builds  up  all  these  concepts.  The  full  definition 
of  this  unitary  center  of  experience  is  the  highest  de- 
velopment of  scientific  conception.  It  differs  in  its 
content  and  in  the  t}’pe  of  relationships  which  it  in- 
cludes from  every  other  scientific  concept,  and  it  stands 
in  a unique  relation  to  ever}'  other  scientific  concept. 
Its  essential  characteristics  are  its  unity  and  its  self- 
consciousness.  These  characteristic  attributes  cannot 
be  further  reduced ; they  may  be  further  elaborated 
into  all  of  the  various  possible  forms  of  relation  of 
which  experience  is  capable.  The  self  cannot  be 
eliminated  by  reference  to  any  of  the  elements  of  expe- 
rience or  by  reference  to  the  center  of  physical  reality 
treated  in  the  concepts  of  physics  or  chemistry  or  even 
of  physiology. 

The  recognition  of  the  significance  of  this  concept  of 
the  self,  as  a fully  justified  scientific  concept,  has  been 
opposed  in  some  quarters  by  scientists  and  philosophers, 
who  fail  to  apprehend  its  true  character.  Men  who 
study  natural  science  are  often  disposed  to  criticise 
the  concept  of  the  self  by  canons  appropriate  to  their 
own  studies.  They  are  disposed  to  demand  the  re- 
duction of  the  self  to  aggregates  of  molecules  or  brain 
cells.  The  practical  sense  of  humanity  stands  opposed 
to  this,  and  the  intelligent  recognition  of  the  nature  of 
the  concept  of  the  self  does  away  with  many  of  the 
difficulties  which  have  been  imagined.  The  self  is, 
under  the  view  which  has  been  worked  out  in  the  fore- 
going paragraphs,  a conceptual  construct  and  not  a 
directly  perceivable  fact.  As  a concept  it  has  the  same 
relation  to  reality  that  any  scientific  concept  has.  It  is 
the  ultimate  unity  which  is  derived  from  the  examina- 
tion of  all  the  various  forms  of  organization  in  expe- 
rience. 

In  closing  this  chapter,  it  will  not  be  out  of  place  to 
comment  once  more  upcm  the  curious  tendency  in 
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much  modern  thought  to  deny  any  primary  reality 
to  the  self.  Much  recent  psychology  has  been  timid 
about  the  use  of  any  word  which  would  imply  an 
underlying  reality,  other  than  the  brain,  back  of  ex- 
perience. Experience  has  been  used  to  formulate  a 
system  of  concepts  of  matter  and  external  realities, 
but  experience  itself,  becau.se  it  could  not  easily  find 
a place  among  its  own  constructs,  has  been  ruled  out  of 
the  world  of  science.  Our  con.siderations  have  led  us 
along  strictly  empirical  paths  to  the  recognition  of  the 
self  as  a fundamental  concept,  nece.s.sary  in  the  intel- 
ligent explanation  of  life  and  man’s  place  in  the  w’orld. 
The  nature  of  the  concept  of  the  .self,  as  we  have  learned 
to  know  it  through  scientific  analysis,  should  relieve 
us  of  the  necessity  of  any  defense  of  our  study  and  our 
science.  In  order  that  our  position  may  be  unmi.s- 
takably  clear,  let  it  be  asserted  concisely  that  the 
scientific  study  of  conscious  experience  leads  to  a con- 
cept of  unity  and  self-consciousness,  which  is  the  most 
fundamental  and  comprehensive  concept  w’hich  can 
be  formulated  in  experience. 
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One  of  the  problems  which  arises  in  scientific  psy- 
chology, and  which  requires  special  consideration,  is  the 
problem  of  the  nature  of  activity,  whether  it  is  of  the 
simpler  impulsive  type  or  of  the  complex  type  seen  in 
voluntary  choice.  The  answers  given  to  the  questions 
which  arise  in  the  course  of  this  discussion  bear  not  only 
upon  science,  but  also  upon  practical  life  and  upon  our 
views  concerning  the  nature  of  ethical  conduct  and 
responsibility.  Indeed,  there  are,  in  the  history  of 
psychology,  many  discussions  in  which  this  problem 
has  been  the  central  theme  of  interest.  The  careful 
analysis  of  the  nature  of  mental  processes  has  often 
been  omitted  in  order  that  a solution  of  the  problem  of 
volition  might  be  reached.  In  these  discussions  it  has 
frequently  been  asserted  that  the  individual  is  free 
in  the  selection  of  his  modes  of  behavior.  It  has  been 
as  stoutly  affirmed,  on  the  other  hand,  that  the  in- 
dividual is  limited  by  his  own  development,  and  even 
by  external  circumstances,  in  such  a way  that  he  can- 
not be  said  to  be  free.  The  ultimate  solution  of  this 
problem  involves  considerations  which  lie  outside  the 
domain  of  a scientific  analysis  of  activity.  Nevertheless, 
the  contribution  of  scientific  analysis  cannot  be  over- 
looked in  any  final  treatment  of  the  matter. 

In  many  of  the  discussions  in  earlier  chapters,  we  have 
touched  upon  active  processes  of  different  degrees  of 
development.  The  present  treatment  of  impulse  and 
choice,  as  phases  of  the  active  nature  of  the  individual, 
constitutes  an  application  of  many  of  these  earlier 
discussions,  rather  than  an  altogether  new  treatment. 
We  may  regard  it,  therefore,  as  our  special  task  in  this 
chapter  to  bring  together  all  of  the  facts  which  are 
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available  wil.h  regard  to  the  active  side  of  individual 
life,  with  definite  reference  to  the  explanation  of  those 
highest  forms  of  activity  which  are  known  as  voluntary 
choice. 

It  may  be  well  to  call  attention  to  two  obvious  facts 
which  immediately  show  the  complexity  of  all  those  ac- 
tivities which  we  have  to  consider  in  this  chapter. 
The  first  of  these  facts  is  that,  in  the  simplest  impulsive 
activities  and  in  the  highest  forms  of  voluntary  choice, 
there  are  elements  which  can  be  explained  only  in 
terms  of  complex  nervous  organization.  If,  for  ex- 
ample, a man  moves  his  hand  so  as  to  reach  a certain 
object,  the  movement  of  the  individual  muscles  cer- 
tainly is  not  related  to  consciou.sness.  The  mechanism 
of  movement  is  provided  in  the  organization  of  the 
central  nervous  system  and  the  connections  of  the 
nervous  system  with  the  muscles  of  the  bod3^  The 
whole  process  of  coordinating  the  different  muscles  is, 
therefore,  beyond  the  range  of  individual  choice  or 
individual  knowledge;  it  is  as  involuntarj’’  in  its  de- 
tailed composition  as  the  movement  of  the  heart  and 
blood  vessels.  Yet,  while  the  details  of  the  movement 
of  the  hand  may  all  of  them  be  said  to  be  the  products 
of  a fixed  nervous  organization,  there  can  be  no  ques- 
tion that  the  act,  as  a whole,  is  related  to  the  experience 
of  the  subject.  The  second  fact  showing  the  complexit}' 
of  all  behavior  is  that  there  is  no  form  of  behavior 
unrelated  to  the  general  background  of  nervous  and 
muscular  activity  which  immediately  preceded  and 
now  accompanies  the  act  under  consideration.  This  may 
be  expressed  by  saying  that  there  is  at  no  time  a com- 
plete relaxation  of  the  muscular  system  and  that,  con- 
sequently, there  is  no  possibility  of  finding  a case  of 
movement  in  which  the  activit}''  rises  out  of  complete 
antecedent  relaxation.  Every  movement  is  a phase 
of  a composite  general  bodily  activit}’’,  the  particular 
movement  being  nothing  but  an  emphatic  point  in 
the  total  system.  This  may  be  illustrated  as  follows: 
If,  as  one  sits  in  his  chair,  a bright  light  is  suddenly 
flashed  into  his  eyes  from  the  right-hand  side,  there  is 
a strong  probability  that  there  vill  be  aroused  in  him 
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a movement  of  the  eyes  and  iiead  in  the  direction  of  the 
light.  Such  a movement  may  be  said  to  constitute 
a well-defined  response  to  a single  stimulus,  though  it 
is  in  reality  made  possible  as  much  by  the  general 
condition  of  the  subject  which  preceded  the  stimulation, 
as  by  the  stimulus  itself.  The  reactor  would  not,  for 
example,  have  looked  at  the  light  as  readily  if  he  had 
been  drowsily  relaxing,  or  if  he  had  been  engaged  in 
watching  intently  some  other  object.  He  would,  in 
either  of  these  cases,  receive  the  stimulation  from  the 
bright  light,  and  would  experience  a faint  tendency  to 
react,  or  some  conflict  of  tendencies,  which  conflict  of 
tendencies  might  ultimately  be  relieved  by  the  ascend- 
ency of  one  group  of  impressions  or  the  other.  In 
either  case,  the  final  attitude  and  behavior  would  de- 
pend, not  merely  on  the  momentb  ry  stimulus,  but  on  the 
total  preparation  and  active  condition  of  the  reactor. 
What  is  true  in  such  a simple  case  is  even  more  true 
of  complex  activities,  in  which  the  conflict  and  final 
selection  of  tendencies  are  clearer;  as,  for  instance,  in 
all  cases  of  voluntary  choice.  To  speak  of  a separate 
act  is,  accordingly,  an  extreme  abstraction.  Any 
rational  understanding  of  conduct  requires  that  the 
characteristics  of  such  a single  act  be  related  both  to 
the  background  from  which  it  proceeds  and  also  to  the 
elements  which  enter  into  it.  It  is,  however,  conven- 
ient to  make  the  abstraction,  which  is  involved  in  con- 
sidering a separate  act  as  a suitable  subject  for  study. 
We  shall  find  later,  after  having  considered  a number 
of  these  separate  special  acts,  that  a full  explanation  of 
their  character  requires  us  to  consider  the  relations 
which  we  have  neglected  for  the  moment  in  the  ab- 
straction; that  is,  the  full  explanation  of  any  single 
phase  of  conduct  is  related  to  the  total  background  of 
nervous  organization  and  individual  experience.  The 
acceptance  of  this  later  type  of  explanation  will  be 
much  easier,  if  it  is  recognized  from  the  outset  that  a 
single  act  can  be  selected  from  the  total  active  side  of 
life  only  by  a process  of  scientific  abstraction. 

It  will  be  well  for  us  to  enter  upon  the  description 
and  analysis  of  behavior  by  taking  up  first  the  considera- 
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lion  of  certain  f)f  the  simple  forms,  kiiown  as  impulsive 
movements.  Tliese  appear  wlien  one  reacts  upon  a 
strong  definite  stimulus.  Impulsive  acts  are  so  direct 
in  their  character,  and  rise  to  such  a degree  of  emphasis 
above  the  general  tension  of  the  muscular  system,  that 
it  is  easy  to  concentrate  attention  upon  them  and  make 
them  subjects  of  scientific  examination.  For  example, 
to  repeat  the  illustration  u.sed  a moment  ago,  if  an 
animal  is  stimulated  by  a bright  light  or  a loud  sound, 
a perfectly  definite  form  of  movement  generally  re- 
sults, consisting  in  a turning  of  the  head  toward  the 
source  of  the  stimulus.  This  act  is  impulsive;  a single 
impression  dominates  for  the  moment  the  nervous 
organization  and  sets  up  an  emphatic  activity  which 
is  so  pronounced  that  all  other  tendencies  are  clearly 
subordinated. 

The  characteristics  of  such  an  impulsive  act  can  be 
explained  only  by  a consideration  of  the  antecedent 
developments  within  the  individual,  which  make  the 
act  possible.  Very  commonly  an  impulsive  activity 
is  the  expression  of  an  instinct.  An  appropriate  stimu- 
lus finds  the  individual  prepared  to  react  upon  it  with 
a vigorous  and  emphatic  mode  of  behavior,  because 
the  nervous  system  has  inherited  certain  nervous  con- 
nections which  give  the  stimulus  a definite  path  of 
discharge.  One  can  say  that  the  absence  of  choice  or 
volition  is  here  explained  by  the  presence  of  an  inherited 
structure.  We  see  that  the  absence  of  volition,  there- 
fore, can  be  explained  only  by  a reference  to  the  con- 
ditions which  precede  the  present  momentary  act. 
This  general  conclusion,  that  different  forms  of  behaGor 
can  be  explained  only  through  the  consideration  of 
the  nervous  development  which  precedes  them,  can 
be  made  still  clearer  by  an  analysis  of  a number  of 
forms  of  activity,  all  of  which  have  the  characteristics 
of  impulsive  behavior,  but  are  of  different  degrees  of 
directness  and  simplicity. 

The  most  direct  form  of  behavior  which  appears  in 
an  animal’s  life  is  that  which  is  known  as  reflex  ac- 
tivity. This  depends  upon  the  independent  action  of 
certain  of  the  lower  centers  in  the  nervous  system,  and 
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is  probably  not  accompanied  by  any  high  degree  of 
consciousness.  When,  for  example,  a human  being  who 
is  fast  asleep  makes  a movement  in  response  to  some 
stimulus  applied  to  the  surface  of  his  body  without 
being  aroused  to  waking  consciousness  by  the  act,  the 
whole  process  may  be  regarded  as  one  of  a reflex  type. 
It  has  sometimes  been  argued  that  such  an  act  is  re- 
lated to  a vague  form  of  consciousness.  For  our  pur- 
poses it  is  not  necessary  to  settle  this  question;  it  is 
enough  to  recognize  that  there  certainly  is  no  high 
degree  of  consciousness  present;  certainly  there  is  no 
deliberation.  The  activity  is  obviously  primitive  in 
character  and  far  removed  from  voluntary  choice. 

Above  a pure  reflex,  such  as  we  have  been  describing, 
there  are  all  possible  grades  of  impulsive  activity.  The 
grade  immediately  above  a pure  reflex  has  sometimes 
been  designated  as  sensation-reflex.  A good  illustra- 
tion of  a sensation-reflex  is  given  when  the  eye  winks 
to  protect  itself  from  a threatening  danger.  Such  a 
movement  as  that  of  winking  does  not  involve  even  a 
consciousness  of  spatial  relations,  which  might  be  in- 
volved in  an  instinctive  movement  toward  the  side  of 
the  field  of  vision.  We  may  say  of  the  winking  move- 
ment that  it  is  purely  a protective  activity,  and  that 
on  the  conscious  side  it  involves  only  the  most  meager 
consciousness  of  the  sensation,  while  the  movement  of 
the  eye  toward  the  right  or  left  brings  with  it  the  per- 
ceptual recognition  of  the  position  of  the  stimulus. 

There  are  other  forms  of  impulsive  activity  which 
are  higher  than  sensation-reflexes,  because  they  are  not 
mere  responses  to  sensations,  but  to  complexes  of 
sensations,  or  percepts.  The  muscular  activity  itself 
may  be  no  more  complex  than  that  aroused  in  a sen- 
sation-reflex, but  the  organization  which  precedes  the 
act  is  more  complex;  hence,  the  distinction  in  the  two 
levels  of  behavior.  The  impulsive  character  of  a 
perceptual  activity,  as  the  response  to  a complex  of 
sensations  may  be  called,  is  frequently  explicable  only 
in  terms  of  long  individual  development.  This  in- 
dividual development,  as  we  have  shown  in  earlier 
discussions,  separates  certain  phases  of  experience  from 
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other  phases  by  the  processes  of  perceptual  analysis  and 
binds  these  discriminated  phases  of  experience  together 
in  what  we  have  called  perceptual  fusions.  The  pro- 
cesses of  activity  which  correspond  to  these  perceptual 
analyses  and  fusions  reflect  the  discriminative  expe- 
riences on  which  they  are  based,  for  the  perceptual  act 
is  relatively  distinct  from  the  total  muscular  tension  of 
the  individual.  This  discrimination  is,  however,  not 
a form  of  choice  or  deliberation,  but  is  rather  the  prod- 
uct of  a relatively  simple  type  of  mental  and  nervous 
development. 

There  are  as  many  different  types  of  perceptual 
activity  as  there  are  different  types  of  perception. 
Foundations  for  the  discussion  of  the  different  classes 
of  perceptual  activity  were  laid  in  an  earlier  chapter. 
Attention  was  there  called  to  the  fact  that  the  very 
organization  of  the  percepts  is  controlled  by  the  active 
ends  toward  which  the  organizations  lead.  It  was  also 
shown  in  detail  that  spatial  organization  and  unity  in 
our  interpretation  of  objects,  as  well  as  the  recognition 
of  time,  are  all  of  them  different  phases  of  motor  or- 
ganization, as  well  as  sensory  organization.  It  was  also 
pointed  out  that  attention  and  feeling  are  related  to 
immediate  forms  of  behavior. 

It  may  be  well  to  reconsider  one  of  the  examples  used 
in  the  earlier  chapter  on  perception,  to  illustrate  the 
fact  that  the  movement  which  is  involved  in  this  per- 
ceptual process  is  not  a form  of  choice  or  volition.  If 
the  recognition  of  a slender  column  gives  one  a feeling 
of  strain,  wliich  is  accompanied  on  the  physical  side 
by  some  tension  of  the  muscles,  this  tension  of  the 
muscles  is  not  worked  out  as  an  expression  of  indi\’id- 
ual  volition.  It  is  rather  the  result  of  a past  series  of 
experiences  which  have  been  organized  into  a compact 
whole.  In  many  experiences  of  what  has  been  called 
perceptual  sympathy,  we  do  not  choose  our  reactions; 
we  merely  become  more  and  more  familiar  with  ob- 
jects in  our  environment,  and  gradually  come  to  accept 
these  objects  as  matters  of  course  and  adjust  our  be- 
havior to  them  without  being  conscious  of  our  adjust- 
ments, or  without  deciding  in  any  voluntary  way  what 
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these  adjustments  shall  be.  Indeed,  one  of  the  reasons 
why  it  is  so  difficult  to  make  a psychological  analysis 
of  the  processes  of  perception  is  found  in  the  fact  that 
the  active  elements  which  are  directly  connected  with 
the  perceptual  organization  are  never  presented  in  con- 
sciousness as  clearly  recognized  factors. 

If  one  considers  all  of  these  forms  of  impulsive 
activity,  it  is  obvious  that  they  are,  from  the  point  of 
view  of  the  actor,  determined  in  character  by  something 
outside  of  his  present  experience.  This  absence  of 
immediate  consciousness  of  the  conditions  of  the  act 
is  the  most  characteristic  fact  in  impulsive  behavior. 
When,  for  example,  a person  is  astonished  or  angry 
at  any  given  situation,  there  is  a great  body  of  muscular 
activity  following  upon  the  reception  of  the  impres- 
sions, and  j'^et  these  activities  are  not  anticipated  in 
consciousness  by  the  subject.  They  express  the  in- 
stinctive tendencies  of  his  race  or  the  organized  back- 
ground of  his  individual  experience;  they  never  have 
even  the  appearance  of  being  determined  by  preliminary 
choice.  The  relation  of  perceptual  activity  to  organiz- 
ation is  sometimes  obscured  by  the  fact  that  the  per- 
ceptual act  is  part  of  a train  of  activities  and  the 
attributes  of  the  whole  train  are  assigned  to  each  ele- 
mentary act.  Thus  when  one  reaches  for  an  object  on 
his  right,  the  reaching  depends  for  its  precision  upon 
organization,  not  on  present  choice.  The  unorganized 
infant  is  unable  to  execute  such  a perceptual  act  even 
if  he  attempts  it. 

There  is  one  phase  of  perceptual  activity  which  has 
sometimes  been  described  as  voluntary.  Thus,  when 
one  gives  attention  to  an  object  and  directs  his  action 
to  it,  he  is  said  to  be  voluntarily  selecting  one  fact  and 
voluntarily  excluding  others.  To  say  that  attention  is 
a force  capable  of  making  a perceptual  selection  is  to 
fail  to  recognize  the  fact  that  the  selection  is  in  itself 
an  expression  of  individual  organization  and  dependent 
upon  the  individual’s  past  history.  If  one  looks  at  the 
matter  from  the  point  of  view  of  his  momentary  ex- 
perience, not  asking  at  all  the  question  of  the  origin  of 
attention,  but  considering  attention  as  the  primary 
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fact,  there  is  apparent  justification  for  the  statement 
that  bodily  activity  always  follows  in  the  line  of  at- 
tention. We  very  commonly  say,  therefore,  in  a super- 
ficial statement  of  the  case,  that  attention  determines 
the  direction  of  clear  perception  and  consequent  bodily 
activity.  Here  is  one  of  the  cases  where  we  must  take 
a larger  view  in  order  to  get  a complete  scientific 
e.xplanation  of  the  case.  The  moment  we  ask  what  de- 
termines the  direction  of  attention,  we  see  that  the  psy- 
chological problem  is  essentially  the  problem  of  ex- 
plaining attention,  and  not  the  narrower  problem  of  the 
•nomentary  direction  of  bodily  movement.  The  direc- 
tion of  attention  can  be  explained  only  by  reference 
to  the  individual’s  organization.  We  find  ourselves, 
therefore,  moving  in  a circle.  Neither  attention  nor 
bodily  movement  can  be  used  to  explain  the  other 
factor  of  the  situation,  because,  as  we  have  seen  in  an 
earlier  chapter,  attention  is  always  related  to  the 
organization  of  behavior,  and  behavior  is,  as  we  find  in 
many  cases,  related  in  some  way  to  attention.  The 
two  must  be  accounted  for  by  some  more  ultimate 
fact  of  organization,  which  precedes  both.  If  this  more 
ultimate  explanation  is  neglected,  the  whole  process 
may  take  on  the  appearance  of  an  event  without  ante- 
cedent conditions.  The  introspection  of  the  ordinary 
observer  carries  him  no  farther  back  than  the  first 
stages  of  attention,  and  this  seems  to  him  to  be  an  un- 
caused beginning.  He  overlooks  the  fact  that  the 
tendencies  of  his  attention  are  determined  by  the  or- 
ganization of  his  whole  life.  The  scientist,  on  the 
other  hand,  must  take  a more  comprehensive  ^’iew  of 
the  processes  of  attention ; he  will  find  unlimited 
evidence,  which  goes  to  show  that  the  indiAddual  is  not 
at  the  beginning  of  causes  when  he  commences  to  pay 
attention,  and,  consequently,  is  not  justified  in  attribut- 
ing his  behavior  to  attention  as  the  sole  or  adequate 
cause. 

The  scientific  evidence  w^hich  show^s  that  attention  is 
dependent  upon  organization  is  very  clear.  To  take 
a simple  case,  let  us  consider  the  fact  that  if  carnivo- 
rous and  herbivorous  animals  are  offered  the  same  kind 
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of  food,  one  tyj)e  of  animal  will  immediately  proceed  to 
take  the  food  and  will  be  thoroughly  absorbed  in  atten- 
tion to  it,  while  the  other  will  be  deterred  by  natural 
development  from  even  giving  attention  to  the  prof- 
fered food.  In  neither  case  can  we  describe  the  act 
as  due  to  spontaneous  attention.  Similarly,  it  may  be 
said  that  the  great  majority  of  activities  in  human  life 
involve  organizations  of  long  standing  which  condition 
behavior,  even  though  we  have  no  introspective  evi- 
dence of  the  organic  conditions  which  are  involved. 
Once  we  are  seated  at  the  table,  we  eat  without  elabo- 
rate conscious  choice,  because  eating  is  a fully  developed 
perceptual  activity  consisting  in  the  adjustments  of 
various  details  of  our  action  to  the  complex  situation, 
quite  apart  from  any  deliberate  weighing  and  balanc- 
ing of  the  elements  of  this  situation. 

Another  indication  of  the  true  relation  of  attention  to 
organization  is  found  in  the  fact  noted  in  discussing 
animal  attention ; namely,  the  fact  that  animals  have  a 
relatively  limited  range  of  attention.  Food  and  enemies 
engross  their  whole  life.  Could  an  animal  attend  to  a 
work  of  art?  Certainly  not,  unless  it  mistook  it  for 
food  or  an  enemy.  The  animal  is  required  by  its 
nature  to  move  in  a certain  round  of  adjustments. 
Its  present  attention  and  future  attention  are  directly 
related  to  the  rigidly  circumscribed  instinctive  organiza- 
tions which  mark  the  limits  of  its  individual  adjust- 
ments. 

Clear  illustrations  of  the  relation  of  human  attention 
to  development  are  somewhat  more  difficult  to  find,  be- 
cause the  possibilities  of  human  organization  are  such, 
that  attention  may  be  directed  in  a great  variety  of  dif- 
ferent channels,  and  particular  facts  of  development  are 
more  difficult  to  select.  It  is  clear,  however,  that  the 
ordinary'  individual  does  not  pay  attention  to  many  of 
the  objects  about  him,  because  these  objects  are  in  no 
wise  related  to  his  organized  practical  behavior.  The 
type  of  illustration  which  may  be  used  to  make  this 
clear  is  that  which  is  frequently  cited  in  descriptions 
of  savage  intelligence.  The  savage,  walking  through 
the  forest,  has  his  attention  drawn  to  a great  variety 
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of  indications  of  animal  life  and  human  life  which  al- 
together escape  the  attention  of  the  ordinary  individual. 
This  highly  developed  recognition  of  the  facts  which  are 
significant  for  the  forest  dweller  is  not  the  result  of  any 
momentary  present  volition,  but  the  expression  of  a 
general  system  of  life  and  activity. 

On  the  basis  of  the  foregoing  discuasion,  it  must  be 
recognized  that  attention  is  explicable  only  in  terms  of 
development,  and  that  consequently  its  influence  upon 
behavior  must  be  explained  ultimately  by  reference  to 
the  relation  of  organization  to  behavior.  The  testi- 
mony of  ordinary  life  must  here  be  superseded  exactly 
as  the  testimony  of  ordinary  experience  is  superseded 
in  all  of  the  ultimate  explanations  in  physics  and  the 
other  sciences.  Perceptual  attention  may  seem  to  be 
a matter  of  the  moment  and  a matter  of  the  individual 
control,  but  the  complete  study  of  its  character  makes 
it  evident  that  such  attention  is  not  a matter  of 
individual  choice. 

Turning  from  perceptual  activity  to  still  higher  forms 
of  behavior,  we  find  that  these  higher  forms  of  behavior 
grow  out  of  the  fact  that  at  any  given  moment  there 
may  be  a conflict  between  the  various  tendencies  to- 
ward impulsive  behavior.  Suppose,  for  example, 
that  when  food  is  offered  to  a human  being,  he  is  at 
the  same  time  aware,  because  of  the  broader  scope  of 
his  experience,  of  the  necessity  of  exercising  a certain 
self-restraint  in  order  to  provide  for  future  needs. 
This  idea  of  providing  for  the  future  may  be  derived 
from  any  one  of  a large  number  of  experiences.  As  a 
matter  of  fact,  the  idea  of  future  need  has  been  one  of 
the  most  difficult  lessons  for  man  to  learn,  as  we  see  if 
we  study  the  behavior  of  savage  tribes.  The  savage 
proceeds  ordinarily  to  take  food  so  long  as  the  demand 
exists  within  him  and  the  supply  exists  without.  In 
fact,  he  is  so  ill-trained  in  the  management  of  his  food 
supply,  that  he  commonly  eats  to  excess  when  supplied 
with  all  that  he  desires,  and  wastes  lavishly  what  he 
cannot  immediately  use.  The  storing  up  of  food  re- 
quires an  elaborate  mental  development  which  shall 
make  it  possible  to  introduce  into  the  present  situation. 
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not  merely  a perceptual  tendency  of  response  to  the 
given  food  suppl}^,  but  also  a conflict  of  tendencies 
which  depeiuls  upon  ideas  and  leads  to  the  balancing 
and  weighing  of  possible  lines  of  activity.  It  is  just 
at  this  point  that  a type  of  experience  may  arise  in  a 
being  capable  of  forming  ideas,  which  can  no  longer  be 
described  by  saying  merely  that  one  has  an  impulse 
to  activity.  He  has,  indeed,  an  impulse  to  activity, 
but  he  has  also  other  impulses  which  hold  the  primary 
impulse  in  check.  It  may  be  doubted  whether  such  a 
conflict  of  impulses  could  lead  to  a definite  form  of 
experience  in  an  individual  who  does  not  have  the 
possibilities  of  ideational  activity.  There  may  be  at 
lower  levels  of  mental  life  a certain  conflict  between  im- 
pulses, but  this  consists  merely  in  an  oscillation  be- 
tween one  and  the  other  mode  of  behavior.  Thus,  as 
we  have  shown  in  an  earlier  example,  the  instincts  of 
fear  and  sociability  may  work  themselves  out  in  the 
child’s  life  into  an  intermediate  form  of  behavior 
through  the  preponderance  of  one  or  the  other  natural 
tendency.  The  conflict  in  such  a case  as  this  is 
not  the  source  of  a voluntary  decision.  It  may  be- 
come, in  a being  who  is  capable  of  ideational  thought 
processes,  the  occasion  for  a voluntary  decision,  but 
in  the  child  it  is  merely  an  oscillation  or  a conflict  of 
tendencies. 

If  such  a conflict  as  this  arises  in  the  experience  of 
an  individual  who  is  capable  of  the  higher  forms  of 
ideational  activity,  he  takes  the  various  tendencies  of 
behavior  up  into  a more  elaborate  sphere  of  comparison 
and  deliberation.  Without  acting  immediately  upon 
one  impulse  or  the  other,  he  is  likely  to  follow  out  in  a 
train  of  ideational  processes  a consideration  of  the 
consequences  to  which  one  or  the  other  impulse  might 
lead  him.  In  other  words,  he  makes  a tentative  ex- 
periment within  his  own  consciousness,  this  tentative 
experiment  being  somewhat  analogous  to  the  experi- 
ment which  would  be  tried  in  the  direct  form  of  trial 
and  error,  if  the  individual  were  a simpler  animal  and 
were  driven  by  one  impulse  or  the  other  to  the  natural 
consequences  of  that  impulse.  The  ideational  con- 
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sideration  of  the  different  modes  of  behavior  thus  comes 
to  be  a type  of  adaptation  which  is  superior  to  mere 
imjjulsive  activity,  because  it  saves  the  individual 
from  certain  disastrous  consequences  by  allowing  him 
to  run  through  the  whole  series  of  activities  in  thought, 
rather  than  in  practical  experience.  There  is,  in  a 
certain  sense  of  the  word,  a substitution  here  of  thought 
processes  for  activity,  and  in  so  far  as  thought  proce.sses 
can  be  substituted  for  activity,  deliberation  or  choice 
is  substituted  for  impulsive  behavior.  It  is  true  that 
it  is  impossible  for  an  individual  to  carry  on  these 
thought  processes  without  having  certain  forms  of 
expression.  This  we  have  seen  in  earlier  di.sciLs.sions 
of  ideational  processes.  The  tendencies  toward  ex- 
pression are,  however,  of  an  indirect  order.  Thus,  the 
thinker  may  work  out  the  consequences  of  a certain 
tendency  to  action  in  a merely  verbal  form,  and  com- 
pare this  tendency  and  its  consequences  with  the  tend- 
encies and  consequences  of  some  other  type  of  verbally 
considered  action.  The  process  of  comparison  thus 
involves  a kind  of  theoretical  activity  or  verbal  ac- 
tivity, which  in  the  higher  stages  of  mental  life  is  sub- 
stituted for  direct  impulsive  trial. 

Such  ideational  comparisons  of  possible  courses  of 
behavior  can  never  go  forward  to  an}'^  extent  without 
developing  certain  systems  of  internal  unity  and  rela- 
tionships which  correspond  directly  to  those  internal 
unities  and  relationships  which  have  been  discussed 
in  Chapter  XII  as  constituting  the  recognized  concept 
of  the  self.  When  a certain  impulse  to  behavior  is 
held  in  check  long  enough  to  be  translated  into  terms 
of  theoretical  judgment,  it  will  inevitably  come  into 
some  relation  with  the  organized  system  of  ideas, 
which  constitutes  the  self.  Suppose,  for  example,  that 
an  individual  finds  himself  in  the  presence  of  an  op- 
portunity to  possess  himself  of  a certain  piece  of 
property.  There  ma}'^  be  conflicting  tendencies  that, 
in  his  thought,  lead  to  various  consequences  which 
should  be  carefully  compared  with  one  another.  The 
outcome  of  such  a comparison  will  be  very  largely  con- 
trolled by  the  total  group  of  interests  which  he  has 
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built  up  in  his  individual  life  as  representing!;  the  sum 
total  of  his  personal  relations  to  the  world.  If  the 
property  in  question  does  not  fit  into  the  plans  of  his 
individual  life,  if  it  tends  to  disturb  the  whole  de- 
velopment of  his  personal  ambition  and  personal  effort, 
the  tentative  consideration  of  the  impulse  to  take  this 
property  will  ultimately  issuq  in  the  suppression  of  the 
impulse,  because  it  does  not  comport  with  the  organized 
self.  Here,  again,  we  find  the  clearest  evidence  that  a 
single  process  of  ideational  comparison  is  not  explicable 
as  an  isolated  fact.  The  truth  is  that  the  explanation 
of  volition  as  a part  of  self-consciousness  can  be  given 
only  by  a recognition  of  those  processes  of  organization 
which  have  entered  into  the  elaborate  construction  of 
the  concept  of  the  self.  When  one  says  that  he  has 
decided  not  to  perform  a certain  act,  he  has,  to  be  sure, 
given  the  highest  possible  expression  of  his  own  self- 
control,  but  self-control  in  this  instance  cannot  be 
explained  without  some  reference  to  the  origin  and 
development  of  the  self.  It  may  be  objected  that  the 
explanation  here  is  so  complex  that  it  does  not  throw 
any  great  light  upon  the  single  performance.  In  con- 
trast with  this  complex  scientific  explanation,  the 
single  act  of  self-restraint  seems  to  stand  out,  so  far  as 
individual  experience  is  concerned,  as  a very  clear  and 
isolated  fact.  There  is  no  reason,  it  will  be  said,  in 
introspective  consciousness  for  any  reference  to  a long 
train  of  past  history.  In  answer  to  these  objections,  our 
earlier  discussions  have  prepared  us  to  understand  that 
the  individual  self  is  clear  and  definite  in  its  apparent 
influence  upon  the  situation,  just  because  it  embodies 
in  such  a compact  form  all  that  has  entered  through 
development  into  the  organized  nature  of  the  self. 
There  is,  therefore,  ample  justification  for  a sharp 
contrast  between  the  attitude  of  the  individual  toward 
his  own  performance  and  the  attitude  of  scientific 
psychology  toward  the  same  fact.  The  individual  does 
not  have  to  go  back  into  his  past  history;  the  psy- 
chologist must.  The  individual  is  not  aware  of  the 
complexity  of  the  conditions  which  are  involved  in  the 
act;  the  psychologist  cannot  truly  represent  the  facts 
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without  reference  to  tho.se  complex  organizations  con- 
ditioned Ijy  past  experience. 

The  di.sposition  to  regard  voluntary  decision  as  en- 
tirely different  from  the  other  processes  of  action  can 
easily  be  shown  to  be  misleading,  when  it  is  recognized 
that  the  final  active  proce.ss,  which  ari.ses  after  the 
ideational  weighing  and  balancing  of  possibilities  is 
completed,  is  always  clo.sely  related  in  its  nature  to 
perceptual  response.  After  the  individual  has  com- 
pared this  and  that  tendency  toward  varioas  forms  of 
behavior  with  one  another  and  with  the  demands  of 
the  self,  there  will  i.ssue  a final  resultant  form  of  activity 
which  is  not  theoretical,  but  practical.  If,  now,  we 
examine  this  resultant  practical  form  of  behavior,  it 
will  be  found  to  be  along  the  lines  of  individual  bodily 
organization  and  will  fit  into  the  formula  which  we 
have  adopted  for  impulsive  activity.  If,  for  example, 
one  has  an  impulse  to  fly,  he  may  consider  this  impulse 
and  compare  it  with  what  he  knows  of  his  individual 
abilities,  and  may  ultimately  reach  a certain  conclusion. 
If  this  conclusion  leads  him  to  decide  to  trj’'  to  fly, 
his  effort  must  be  brought  to  the  level  of  direct  im- 
pulsive activity.  When  the  decision  is  brought  to  this 
level,  the  theorist  is  sure  to  find  that  he  can  make  onh’’ 
those  moyements  which  are  provided  for  by  his  bodih' 
organization.  From  his  efforts  he  may  gain  new  ex- 
perience, which  will  lead  to  a revision  of  his  theoretical 
conclusions,  but  the  fact  which  we  are  interested  in 
emphasizing  for  the  moment  is,  that  deliberate  beha\dor 
must  in  the  last  anal3'^sis  make  use  of  the  same  organized 
possibilities  as  are  employed  in  impulsive  activities. 

Many  of  the  ideational  combinations  which  we  reach 
are  not  thus  put  to  the  iDractical  test.  The  conflict 
of  impulses  goes  forward  at  the  theoretical  level,  and 
one  reaches  certain  conclusions  without  actuall}^  putting 
them  into  practice.  Such  theoretical  conclusions  seem 
very  frequently  to  be  independent  of  the  laws  which 
govern  mental  processes  in  general,  and  of  the  restraints 
which  surround  practical  behavior.  It  is  probabl}'  true 
that  the  common  notion  regarding  the  nature  of  volun- 
tary choice  is  largety  determined  b}'  this  possibility  of 
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arriving  at  theoretical  conclusions  which  are  never 
tested.  Conclusions  can,  however,  be  formed  in  this 
wholly  independent  fashion  only  by  the  uncritical  mind. 
For  the  careful,  critical  thinker,  even  theoretical  con- 
clusions are  by  no  means  independent  of  clearly 
recognized  organizations  in  experience.  This  can  be 
shown  very  strikingl}'  in  certain  cases  where  it  is 
quite  impossible  for  any  of  us  to  disregard  critical 
canons  of  thought  and  make  arbitrary  ideational  re- 
combinations, because  the  nature  of  the  ideas  is  such 
that  their  relations  are  very  explicit  and  they  cannot 
be  bound  together  in  any  way  except  that  which  is 
recognized  as  prescribed  by  developed  experience. 
For  e.xample,  the  simpler  mathematical  conceptions 
are  so  definitely  formulated  and  so  clear  in  their 
character,  that  it  is  quite  impossible  for  us  to  combine 
them  arbitrarily.  One  cannot  accept  the  combination, 
two  and  two  are  five,  because  the  nature  of  the  concept 
two  and  the  nature  of  the  concept  five  are  so  clearly 
defined,  that  it  would  obviously  require  a fundamental 
reconstruction  of  these  ideas  and  of  all  antecedent 
development  to  bring  them  into  the  relation  used  in  this 
example.  On  the  other  hand,  the  ordinary  individual 
has  no  difficulty  whatsoever  in  bringing  loosely  to- 
gether certain  ideational  constructs  which  are  inhar- 
monious when  their  true  characteristics  are  explicitly 
brought  out.  The  arbitrary  combinations  are  possible, 
because  constructs  are  obscure  in  the  mind  of  the 
thinker,  and  the  inharmonious  elements  are  uncritically 
united.  Thus,  it  is  quite  possible  for  the  ordinary 
individual  to  think  of  a human  form  supplied  with 
wings  which  shall  be  large  enough  to  make  flying 
po.ssible.  The  student  of  ph}'siological  mechanics, 
however,  as  his  ideas  become  more  and  more  thoroughly 
organized,  finds  it  less  and  less  easy  to  make  arbitrary 
recombinations  of  this  sort.  He  speaks  of  the  idea  of 
a flying  human  figure  as  a myth,  and  finds  it  wholly 
inacceptable,  because  the  principles  of  flying  are  so 
absolutely  incongruous  with  the  structure  of  human 
masculature.  The  thought  of  a highly  trained  individ- 
ual is,  accordingly,  recognized  as  very  much  more 


Examples 
to  show 
the  depend- 
ence of 
ideational 
processes 
on  develop- 
ment. 


332 


PSYCHOLOGY 


dependent  upon  laws  of  orj^anization  for  its  possibilities 
of  combination,  than  is  the  thought  of  an  untrained 
human  being.  The  scientist  is  supplied,  not  merel}'^ 
with  general  modes  of  conscious  fusion,  but  he  has  made 
these  modes  of  fusion  explicit  and  can  consequently 
trace  out  the  reasons  for  this  thought  combination 
more  fully  through  introspection  than  can  the  un- 
trained thinker.  It  is  also  true  of  the  adult  that  he  is 
more  completely  conscious  of  the  grounds  of  his  ideal 
combinations  than  a child.  A child  shows  the  super- 
ficial character  of  his  development  in  the  loo.sene.ss  of 
his  ideas.  He  shows  the  same  characteristic  in  the  fact 
that  he  will  undertake  almost  any  form  of  behavior  in 
response  to  a given  situation.  His  ideational  system 
has  not  been  corrected  by  comparison  with  the  percep- 
tual system,  and  he  rushes  impulsively  into  the  execu- 
tion of  any  mode  of  conduct  which  suggests  itself. 
The  child’s  notion  of  himself  and  his  limitations,  his 
idea  of  the  external  world  and  its  laws,  are  so  immature 
that  he  is  able  to  work  out,  as  we  have  seen  in  our  dis- 
cussion of  the  imagination,  the  most  grotesque  forms  of 
arbitrary  combinations. 

The  tendency,  therefore,  as  development  goes  for- 
ward, is  to  adjust  thought  processes  to  the  possibilities 
of  behavior  and  to  the  canons  of  criticism  described 
in  the  discussion  of  conceptual  thought  with  ever  in- 
creasing exactness  and  with  increasing  recognition  of 
certain  fixed  modes  of  procedure.  Here  again,  we  have 
clear  evidence  that  the  processes  of  development  and 
the  processes  of  conscious  choice  are  intimately  related, 
and  we  see  again  the  impossibility  of  explaining  thought 
and  conduct,  even  at  this  highest  level,  without  direct 
reference  to  the  total  development  of  the  individual. 
The  scientific  attitude  on  such  a problem  as  that  of 
the  freedom  of  the  will  is  clear  enough  from  what  has 
been  said  in  the  foregoing  paragraphs.  The  super- 
ficial verdict  of  introspection  is  not  reliable  as  a basis  for 
the  settlement  of  the  question.  The  concept  of  mental 
development  must  be  exhaust! vel}’'  treated  before  the 
problem  of  freedom  can  be  properly  taken  up.  That  in- 
dividual character  develops,  certainly  cannot  be  denied. 
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That  there  are  important  changes  in  individual  modes 
of  thought  and  behavior  in  the  course  of  development, 
can  also  not  be  denied.  There  is  increasing  evidence 
with  the  growth  of  science  that  development  follows 
regular  laws.  The  whole  problem  rests,  therefore,  on 
considerations  of  a very  general  type.  The  final  solu- 
tion of  the  question  of  human  freedom  cannot  be  given 
until  the  principles  of  development  which  explain 
bodily  and  social  life  are  exhaustively  treated.  Psy- 
chology may  very  properly  treat  its  contribution  to 
this  discussion  as,  in  a certain  sense,  partial.  On  the 
other  hand,  the  student  who  has  made  a scientific 
study  of  volition  can  never  come  back  to  the  superficial 
view  of  the  uncritical  thinker. 

Before  closing  this  discussion  of  the  forms  of  behav- 
ior, it  may  be  well  to  refer  to  the  development  of  the 
scientific  methods  of  investigating  bodily  movements. 
The  earliest  scientific  investigations  of  bodily  activities 
were  undertaken  from  a wholly  external  point  of  view. 
The  specific  method  which  was  used  for  such  investi- 
gations was  devised  by  the  astronomers  who  were 
interested  in  understanding  the  deficiencies  of  human 
movements  when  attempts  were  made  to  use  these 
movements  in  recording  the  transit  of  stars  through  the 
field  of  the  telescope.  The  astronomers  found  that  the 
hand  cannot  be  moved  as  soon  as  the  eye  sees  a light. 
They  therefore  measured  the  interval  which  elapsed 
between  visual  impression  and  hand  movement. 
They  found  further  that  different  individuals  have 
different  personal  equations,  or  periods  of  reaction. 
Evidently,  the  observations  of  the  astronomers  are  very 
suggestive  as  foundations  for  psychological  investi- 
gations. The  early  psychological  investigations,  how- 
ever, did  not  transform  the  method  into  a psychological 
method ; they  took  it  over  unmodified.  Their  investi- 
gations of  the  active  processes  were  not  based  upon  any 
elaborate  analysis.  Certain  simple  movements  were 
measured  wdth  reference  to  the  time  which  elapsed 
between  the  stimulus  and  the  muscular  contraction, 
exactly  as  this  time  had  been  measured  by  the  astrono- 
mers. The  investigation  of  this  time  of  reaction  was 
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treated  as  an  indirect  means  of  getting  at  tfie  complexity 
of  the  nervous  and  conscious  processes  preceding  the 
reaction.  It  was  found,  for  example,  that  the  length 
of  time  required  for  a simple  reaction  was  appreciably 
shorter  than  the  length  of  time  required  for  a reaction 
which  involved  the  discrimination  of  two  simple  colors 
from  each  other.  Thus,  if  the  reactor  were  required  to 
move  his  finger  as  soon  as  po.ssible  after  being  stimu- 
lated by  a flash  of  light,  the  measurement  of  this  in- 
terval gave  what  was  called  a simple  reaction  time  of 
about  xVW  ^ second,  or  180  cr,  the  letter  cr  being  used 
as  the  symbol  for  a thousandth  of  a second.  If,  on 
the  other  hand,  the  experiment  was  arranged  in  such  a 
way  that  a number  of  different  colors  could  be  pre.sented 
to  the  subject,  and  it  was  prescribed  that  he  should  react 
only  after  a clear  recognition  of  one  of  these  colors, 
then  the  clear  recognition  or  discrimination  added 
appreciably  to  the  time  which  elapsed  between  the 
giving  of  the  stimulus  and  the  movement,  sometimes 
as  much  as  60  cr.  This  longer  period  of  time  was  known 
as  discrimination  time.  Again,  if,  instead  of  reacting 
always  with  the  same  hand  or  finger,  the  reactor  was 
instructed  to  respond  to  one  kind  of  stimulation  with 
one  movement,  and  to  another  kind  of  stimulation 
with  a second  movement,  the  process  involved  not 
merely  discrimination,  but  also  a simple  choice  of  the 
organ  to  be  moved.  The  reaction  time  in  this  case 
was  called  choice  time. 

The  earlier  experimenters  on  reaction  were  satisfied 
to  seek  exact  definitions  of  the  lengths  of  these  various 
kinds  of  reaction  time.  They  paid  little  or  no  atten- 
tion to  introspection  on  the  part  of  the  reactor.  The 
results  of  a large  number  of  reactions  were  averaged,  and 
the  comparison  between  different  simple  mental  pro- 
cesses was  made  in  terms  of  these  general  averages. 
The  outcome  for  psychology  of  these  external  studies 
was  by  no  means  large.  There  is  veir’  little  contribu- 
tion to  the  knowledge  of  human  nature  in  the  details 
of  reaction  times. 

Recent  investigations  of  reactions  differ  from  the 
earlier  external  measurements  in  two  respects.  First, 
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the  effort  has  been  made  to  find  out,  as  far  as  possible, 
what  are  the  conditions  in  the  experience  of  the  reactor 
during  the  reaction  process.  Attention  has  been  called, 
for  example,  to  the  fact  that  if  the  reactor’s  attention 
is  turned  toward  his  hand,  rather  than  toward  the  organ 
of  sense  which  is  to  be  stimulated,  the  time  of  reaction 
will  for  most  individuals  be  shorter.  A distinction  may 
therefore  be  drawn  between  so-called  muscular  reactions 
and  sensory  reactions.  The  average  difference  in  time 
corresponding  to  this  introspective  difference  is  often 
as  great  as  lOU  a.  Again,  the  different  types  of  dis- 
crimination and  choice  have  been  introspectively 
examined.  The  question  of  whether  the  content  of 
consciousness  before  a choice  reaction  is  an  image  of  the 
movement  to  be  executed,  or  a concentration  of  atten- 
tion upon  the  sensation  received,  has  been  introspec- 
tively studied.  The  results  of  these  introspective 
studies  have  done  much  to  clear  up  the  psychological 
doctrine  of  volition.  Furthermore,  the  general  outcome 
of  a more  careful  examination  of  conscious  correlates 
of  reaction  has  shown  how  utterly  formal  was  the  gross 
averaging  of  all  kinds  of  cases  in  the  earlier  investi- 
gations. It  may  be  said  that  no  introspective  differences 
ever  occur  without  some  modification  in  the  duration  of 
the  reaction  process;  hence,  differences  in  duration 
are  highly  significant  when  supported  by  introspective 
observation,  and  should  not  be  eliminated  by  an  ar- 
bitrary method  of  mathematical  averaging.  The 
second  way  in  which  recent  reaction  experiments  have 
been  elaborated  is  by  analyzing  the  forms  of  the  re- 
action movement.  It  was  formerly  assumed  that  the 
act  of  lifting  the  hand  from  a reaction  key  was  so  simple 
a process  that  it  could  be  regarded  as  uniform  in  char- 
acter throughout  a long  series  of  experiments.  Recent 
investigations  show  that  there  is  no  such  thing  as  an 
absolutely  uniform  series  of  movement  processes. 
There  are  certain  reactors,  for  example,  who,  when  they 
make  an  effort  to  lift  the  hand  as  rapidly  as  possible, 
frequently  go  through  a preliminary  downward  move- 
ment before  beginning  the  upward  movement.  There 
are  other  preliminary  phases  of  movement  which 
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prepare  the  way  for  the  final  reaction,  and  the  relation 
between  these  preliminary  movements  and  the  final 
movement  of  the  hand  may  be  so  complicated  as  to 
influence  measurably  the  duration  of  the  reaction 
period.  The  relation  of  these  complexities  of  move- 
ment to  nervous  organization  is  most  intimate.  The 
studies  in  earlier  chapters  of  the  relation  of  perception 
and  feeling  to  reaction,  have  indicated  the  significance 
for  psychology  of  the  analysis  of  reactions.  By  way 
of  criticism  of  the  earlier  studies,  it  may  be  said  that 
they  treated  reactions  as  if  they  were  merely  uniform 
mechanical  processes.  The  recent  investigations  have 
made  it  clear  that  the  study  of  miLscular  behavior  is 
productive  only  when  it  is  related  to  a complete  ac- 
count of  the  introspective  processes  and  the  antecedent 
organizations  which  condition  the  particular  form  of 
movement. 

The  study  of  movement  has  therefore  brought  as 
back  to  the  consideration  of  principles  of  organization. 
Volition  and  impulse  are  merely  the  active  correlates  of 
organized  forms  of  ideational  and  perceptual  experience. 
The  earlier  studies  of  mental  activity  and  the  present 
study  of  behavior  are  mutually  supplementary.  We  do 
not  require  any  unique  formulas  or  the  recognition  of 
any  new  factors.  Behavior  is  a necessary  and  ever 
present  physical  correlate  of  experience,  and  at  the  same 
time  a product  of  all  those  organizations  which  lie 
back  of  experience  itself. 
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FORMS  OF  DISSOCIATION 

The  outcome  of  all  of  the  different  lines  of  study 
which  have  been  taken  up  in  the  foregoing  chapters, 
is  that  mental  life  in  its  different  forms  is  an  expression 
of  organization.  Whether  it  be  a matter  of  perception 
or  ideation,  of  volition  or  involuntary  response  to  im- 
pulses, every  form  and  manifestation  of  conscious  life 
consists  in  some  kind  of  organization.  This  lesson 
may  be  reenforced  by  considering  certain  states  in 
which  the  organizations  built  up  under  ordinary  cir- 
cumstances give  way,  and  forms  of  experience  arise 
which  must  be  classified  as  irregular,  or,  in  extreme 
cases,  as  pathological. 

Every  form  of  mental  pathology  or  abnormality  is 
in  some  sense  a case  of  malorganization  or  disintegra- 
tion. There  are  certain  mild  cases  of  irregularity 
which  may  be  classed  as  forms  of  maladaptation,  rather 
than  distinctly  pathological  cases.  Such  are,  for  ex- 
ample, our  geometrical  illusions.  As  we  saw  in  our 
earlier  discussions,  an  illusion  is  always  an  incomplete 
organization  of  the  sensations  presented  to  the  observer. 
Defects  in  organization  may  be  carried  very  much 
further  in  the  case  of  a person  who  has  what  are  known 
as  hallucinations.  An  individual  may,  for  example, 
have  an  irritation  upon  some  part  of  the  skin  which, 
under  normal  conditions,  would  be  neglected  or,  at  most, 
treated  as  an  inconvenient  excitation  of  the  part; 
but  if  the  organizations  of  mental  life  are  unstable 
because  of  some  general  diseased  condition  of  the  in- 
dividual, this  excitation  in  a certain  part  of  the  skin 
may  become  the  center  for  a most  abnormal  combi- 
nation of  experiences  and  may  lead  to  the  development 
of  a distinctly  abnormal  type  of  interpretation.  Every- 
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thing  that  suggests  itself  to  the  mind  may  be  made 
sub-servient  to  this  stimulation,  until  finally  the  person 
constructs  an  imaginary  world,  giving  the  abnormal 
excitation  a value  and  importance  which,  in  normal 
life,  it  could  never  have  had.  He  may  come  to  believe 
that  he  is  made  of  gla.ss  or  stone,  or  he  may  think 
that  some  one  is  attacking  him  with  poisons  or  acids. 
These  illustrations  will  serve  to  make  clear  what  is 
meant  by  the  statement  that  abnormal  mental  ex- 
periences are  always  experiences  which  result  from 
irregularities  in  organization,  and  commonly  involve 
more  or  less  disorganization  or  dissociation  of  the  ele- 
ments which  should  be  combined. 

We  may  examine  three  distinct  ca.ses  of  di.s.sociation 
in  order  to  make  clear  in  detail  what  is  meant  by  mental 
disorganization.  First,  there  is  in  sleep  a form  of 
normal  suspension  of  central  nervous  activity  which 
has  been  provided  by  nature  for  the  purpose  of  recuperat- 
ing the  individual.  This  nervous  condition  is  accom- 
panied by  a temporary  interruption  of  normal  con- 
scious processes.  Second,  there  are  certain  forms  of 
dissociation  and  partial  reconstruction  which  are  very 
similar  in  character  to  sleep,  but  do  not  serve  the  pur- 
poses of  recuperation  as  does  normal  sleep.  The  con- 
ditions here  referred  to  may  be  induced  by  the  use  of 
drugs  or  by  certain  other  devices,  conspicuous  among 
which  are  the  methods  of  inducing  hypnosis.  Finally, 
the  dissociations  and  partial  reconstructions,  which  are 
temporary  in  hypnosis  and  after  the  use  of  certain 
drugs,  may  appear  in  a great  variety  of  relativel}’’ 
permanent  forms  in  the  different  types  of  insanit^^ 
One  or  two  of  these  typical  forms  of  insanity  will  be 
referred  to  later,  in  order  to  exemplify  the  conditions 
which  result  from  permanent  disorganization. 

The  physiological  conditions  which  present  themselves 
in  the  nervous  system  during  sleep  are  not  fullj'^  under- 
stood, but  their  general  character  can  be  described 
with  sufficient  clearness  for  our  purposes.  In  the 
first  place,  the  condition  of  fatigue  in  the  nerve  cell 
has  been  found  to  be  a condition  of  somewhat  depleted 
tissue  in  the  cell  body.  There  are  also  certain  chemical 
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changes  resulting  from  fatigue.  These  are  indicated 
by  the  different  reactions  of  fatigued  and  normal  cells 
to  the  coloring  substances  which  are  used  in  staining 
microscopic  sections  of 
the  tissue.  The  proto- 
plasm of  the  fatigued 
cells,  as  seen  from  Fig.  53, 
is  in  part  exhausted  as  a 
result  of  the  processes  of 
stimulation  through  which 
they  have  passed.  Sleep 
must  be  a condition  in 
which  these  cells  are  sup- 
plied with  nutrition  and 
return  to  their  normal 
state  of  energy  and  activ- 
ity. During  the  period  of 
sleep,  each  cell  seems  to 
be  capable  of  insulating 
itself  from  the  neighbor- 
ing parts  of  the  nervous 
system.  There  are  some 
extreme  conditions,  prob- 
ably pathological  in  char- 
acter, in  which  the 
dendrites  of  the  nerve 
cells  curl  up  and  form, 
instead  of  extending 
branches,  little  knotty 
balls  across  which  stim- 
ulations cannot  easily 
pass.  This  curling  up  of 
the  dendrites  is  probably 


Fig.  53.  After  Hodge.  Two  sec- 
tion.s  A and  B from  the  first 
thoracic  spinal  ganglion  of  a 
cat.  B is  from  the  ganglion 
which  has  been  electrically 
stimulated  through  its  nerve 
for  five  hours.  A is  from  a 
corresponding  resting  ganglion. 
The  nuclei  N of  the  fatigued 
cells  are  seen  to  take  a darker 
stain  and  to  be  very  irregular 
in  outline.  The  general  pro- 
toplasm of  the  cell  bodies  is 
also  less  uniform  in  density  in 
the  fatigued  cells. 


a very  much  more  radi- 
cal change  than  occurs  under  the  ordinary  conditions 
of  sleep.  The  synap.ses  or  interlacing  of  fibers,  which 
connect  a cell  with  other  cells  or  incoming  fibers,  are 
interrupted  in  most  ca.ses,  not  by  any  gross  movement 
of  the  dendrites,  but  rather  by  some  chemical  change 
in  the  tissue  which  makes  it  difficult  for  the  stimula- 
tion to  pass  across  from  one  cell  to  another.  There  arp 


340 


PSYCHOLOGY 


known  chemical  substances  which  affect  primarily  the 
synapses  and  prevent  stimulations  from  being  trans- 
mitted from  cell  to  cell.  All  of  these  indications  go 
to  show  that  the  nerve  cell,  when  it  enters  on  the  pro- 
cess of  recuperation,  tends  to  give  up  its  normal  trans- 


Fig.  54.  Curve  from  Kohlschutter  showing  fhe  intensity  of  sound 
necessary  to  awaken  a sleeper  at  different  periods  of  sleep. 
Along  the  horizontal  line  are  represented  the  hours  of  sleep ; 
along  the  vertical,  the  relative  intensities  of  sound.  Thus,  at 
the  end  of  the  first  half  hour,  an  intensity  of  sound  somewhat  over 
six  hundred  is  necessary  to  awaken  the  sleeper.  At  the  end  of 
two  hours  the  intensity  of  sound  is  approximately  one  hundred. 
The  curve  indicates  that  the  sleeper  falls  rapidly  into  a pro- 
found sleep,  and  then  gradually  comes  into  a condition  of  verj’ 
light  slumber  preceding  for  a long  time  the  waking. 


The  sleeper 
does  not 
receive 
stimula- 
tions. 


mitting  function,  and  devotes  itself  for  the  time  being 
to  the  processes  of  building  up  tissue. 

The  external  characteristics  of  a sleeping  individual 
are  clearly  intelligible  in  terms  of  the  pln^siological 
changes  which  have  been  described.  In  the  first  place, 
the  individual  becomes  less  and  less  susceptible  to 
stimulations  from  the  outside  world.  This  means  that 
when  any  form  of  external  energy  acts  upon  the  ner- 
vous system,  it  finds  the  nervous  system  relatively 
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inert.  The  receiving  organs  are  closed  and  their  cells 
are  probably  in  a chemical  condition  unfavorable  to 
any  vigorous  activity.  Even  when  stimulations  are 
received  at  the  periphery  and  are  transmitted  to  the 
central  nervous  system,  they  make  headway  through 
the  tissues  with  the  greatest  difficulty.  They  do  not 
follow  the  well-defined  paths  which  are  used  in  normal 
life,  but  are  diffused  throughout  the  whole  organ. 

The  condition  of  the  individual  need  not  be  a condition 
of  complete  sleep  in  order  to  show  this  inertness  of  the 
nervous  system.  There  are  many  conditions  of  fatigue  in 
which  the  nervous  system  shows  before  sleep  sets  in,  more 
or  less  of  a tendenc}'’  to  resist  external  stimulation.  Fur- 
thermore, the  different  stages  of  sleep  are  by  no  means 
equal  in  their  degree  of  dissociation.  This  has  been 
shown  by  experiments  in  which  the  amount  of  noise 
necessary  to  arouse  a sleeping  individual  has  been  made 
the  measure  of  the  intensity  of  sleep.  The  result  of 
such  experiments  is  to  show  that  a person  goes  to  sleep 
rapidly  and  profoundly  during  the  early  part  of  the 
night,  and  from  this  time  on  gradually  comes  back  to 
a condition  of  susceptibility  to  stimulation.  Figure  54 
shows  a sleep  curve  of  the  kind  which  results  from  these 
experiments.  The  curve  rises  rapidly,  indicating,  as 
stated,  that  the  amount  of  stimulation  necessary  to 
arouse  the  nervous  system  increases  rapidly  in  the 
early  hours  of  sleep;  it  falls  off  gradually  toward  the 
end,  indicating  a gradual  waking  of  the  subject. 

Not  only  are  the  cells  of  the  sleeper’s  nervous  system 
impervious  to  external  stimulation,  but  they  are  un- 
coupled in  such  a way  that  the  stimulations  which 
succeed  in  entering  the  nervous  system  do  not  follow 
the  ordinary  paths  of  discharge.  This  uncoupling  of 
the  central  nerve  cells  does  not  take  place  in  equal 
degree  in  all  parts  of  the  nervous  system.  The  large 
cells  of  the  spinal  cord  are  able  to  re.sist  the  effects  of 
fatigue,  and  the  spinal  cord  may  be  said  never  to  sleep 
under  normal  conditions.  For  this  reason,  stimulations 
which  reach  the  spinal  cord  from  the  surface  of  the  body 
are  always  tran.sformed  into  reflex  impulses  and  sent  to 
the  muscles  of  the  trunk  and  limbs.  The  spinal  cord  is  in 
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this  case  uncoupled,  not  within  itself,  but  only  with 
reference  to  the  higher  centers.  The  reflexes  are  very 
much  simpler  in  form  and  more  likely  to  appear  under 
these  conditions  than  when  the  stimulus  has  an  open 
path  to  the  higher  centers.  The  medulla,  like  the  cord, 
seems  to  be  able  to  resist,  to  a great  extent,  the  tenden- 
cies toward  fatigue,  for  many  of  the  organic  proces.ses, 
such  as  circulation  and  respiration,  are  maintained 
through  the  nerve  centers  in  the  medulla,  while  the  rest 
of  the  nervous  system  is  clo.sed  to  external  stimulation 
and  to  any  well-ordered  activities. 

One  effect  of  the  uncoupling  of  the  varioas  nerve 
tracts  in  the  organs  of  tlie  central  nervous  .system  above 
the  medulla  is  that  any  proces,ses  which  take  place  in 
these  higher  organs,  becau.se  of  strong  stimulations,  or 
because  of  some  abnormal  excitabilit}'^  in  the  nervoas 
system,  are  fleeting  and  irregular.  The  higher  centers 
probably  do  not  all  of  them  sink  into  the  same  degree 
of  inactivity  even  in  a normal  individual,  and  the 
slightest  abnormality  may  result  in  a heightened  ac- 
tivity in  certain  parts.  The  facts  of  conscioasne.ss 
which  correspond  to  these  irregular,  detached  activities 
in  the  central  nervous  system  during  sleep  are  easily 
understood  when  it  is  recognized  that  the  nervous 
system  is  acting,  not  as  a single  organized  s}'^stem,  but  as 
a disorganized  group  of  centers.  To  put  the  matter 
in  terms  of  experience,  one  may  say  that  an  idea  which 
presents  itself  during  sleep  is  not  related  to  the  general 
body  of  ideas  by  which  the  experiences  of  ordinary 
life  are  checked  and  held  under  criticism.  If,  in  or- 
dinary life,  the  idea  suggests  itself  to  some  indi\idual 
that  he  has  enormous  possessions,  he  is  immediately 
reminded  by  the  evidences  of  his  senses  and  b}-  the 
familiar  surroundings  and  limitations  of  his  sphere  of 
action  that  the  idea  is  merely  a subjective  imagination. 
If,  on  the  other  hand,  one  should  have  this  idea  in  his 
dreams,  under  conditions  which  would  remove  it  from 
all  restricting  relations,  it  would  obvioush’’  be  compelling 
in  its  force  and  would  be  accepted  by  consciousness 
as  an  unqualified  and  unlimited  truth.  It  would  be 
dissociated  from  the  other  ideas  which  fill  normal 
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consciousness,  and  this  dissociation  would  determine 
its  character  in  such  a way  as  to  make  it  distinctly 
different  from  the  processes  of  coherent  thought  built 
up  in  normal  life. 

It  will  be  seen  from  such  considerations  as  these,  that 
a mature  individual  is  brought  in  his  sleep  into  a 
condition  somewhat  similar  to  that  exhibited  in  the 
irregular  and  unrestrained  imaginings  of  children. 
The  young  child,  as  was  pointed  out  above,  constructs 
imaginations  and  is  quite  unable  to  criticise  them  be- 
cause of  his  lack  of  experience  and  because  of  the  lack 
of  organization  within  his  experience.  The  lines  of 
organization  are  not  laid  down  in  the  child ; in  the 
dreaming  adult,  though  they  have  been  built  up,  they 
are  for  the  time  being  interrupted,  and  the  processes 
of  mental  life  lapse  into  unsystematic  and  uncritical 
forms.  There  is,  for  this  reason,  a certain  freedom  from 
all  kinds  of  restraint,  which  makes  dreams  seem  to  us 
free  from  the  limitations  of  material  surroundings. 

The  third  characteristic  of  sleep  follows  naturally 
from  these  which  we  have  been  discussing.  Muscular 
movements  are  almost  completely  suspended  in  normal 
sleep.  The  muscles  relax  more  than  they  do  in  any 
condition  of  waking  life,  just  because  the  nervous  sys- 
tem does  not  send  any  stimulations  to  the  muscles, 
and,  as  we  have  repeatedly  seen,  the  muscles  are  quite 
unable  to  perform  their  work  when  they  are  not  stimu- 
lated by  the  nerves.  The  few  struggling  stimulations 
which  succeed  in  getting  through  the  nervous  system  to 
the  muscles  appear  in  very  irregular  order  and  without 
coordination.  The  movements  which  appear  are, 
therefore,  irregular  and  often  more  incoherent  than 
the  fleeting  dream  experiences  which  accomiDany  the 
activities  in  the  central  nervous  organs.  Indeed, 
in  most  cases,  any  intense  movements  of  the  muscles 
during  sleep  indicate  a distinctly  abnormal  condition 
and  are  closely  related  in  character  to  the  irregular 
coordinations  which  appear  in  certain  forms  of  drug 
poisoning. 

The  discussion  of  the  phenomena  which  attend  the 
use  of  drugs  will  aid  in  the  understanding  of  what  has 
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been  said  about  sleep.  It  is  a familiar  fact  that  certain 
narcotics  produce  a condition  very  closely  related  to 
sleep.  The  narcotic  drug  closes  the  avenues  of  sensory 
reception,  reduces  central  activity  or  renders  its  pro- 
cesses irregular  and  incoherent,  and  suspends  muscular 
contraction.  If  the  drug  is  taken  in  a relatively  small 
dose,  so  that  its  effect  upon  the  nervous  system  is  slight, 
these  various  effects  may  be  produced  in  slight  degree 
only.  The  effect  in  this  ca.se  will  be  most  marked  in  the 
irregularity  of  ideas  and  in  the  incoordination  of  the 
movements. 

A familiar  effect  of  a drug  is  the  intoxication  which 
is  produced  by  alcohol.  The  chemical  condition,  and 
consequently  the  relations  between  the  various  nerve 
cells,  are  in  some  way  affected  by  alcohol,  and  the  stim- 
ulations are  interrupted  or  become  irregular  in  their 
transmission  through  the  tissues.  The  fact  that  a man 
under  the  influence  of  alcohol  sees  things  moving  irreg- 
ularly, or  sees  them  double,  depends  upon  the  incoor- 
dination of  the  muscles  of  the  eyes.  The  fact  that  he 
is  unable  to  walk  steadily  shows  the  incoordination 
of  the  muscles  of  the  legs.  There  is  a corresponding 
irregularity  in  the  flow  of  his  ideas;  and  his  credulous- 
ness for  the  ideas  which  suggest  themselves  to  him  is 
analogous  to  the  ordinary  credulousness  of  a dreaming 
sleeper.  The  imperviousness  of  such  an  individual 
to  the  stimulations  of  the  outside  w^orld  is  also  a well- 
known  fact. 

In  the  case  of  any  one  of  the  drugs  which  produces 
dissociative  conditions  in  the  nervous  system,  the  con- 
dition may  be  overcome  by  the  ordinary  processes  of 
recuperation  by  which  the  organism  throws  out  the 
drug.  In  some  cases  the  effort  of  the  organism  to 
restore  the  normal  condition  leads  to  a reaction  which 
is  abnormally  intense.  We  may  then  have  for  a time, 
as  a result  of  reaction  to  the  drug,  a state  of  M'persen- 
sitivity  and  a more  vigorous  activity  within  the  central 
nervous  system  and  in  the  muscles.  The  dissociating 
effects  of  such  intense  activity  in  the  nervous  S5'stem  may 
be,  so  far  as  consciousness  or  muscular  coordination  are 
concerned,  quite  as  abnormal  as  the  depressing  effects 
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of  fatigue  or  complete  suspension  of  nervous  activity. 
Thus,  if  the  stimulations  coming  to  the  central  nervous 
system  are  much  increased  in  their  intensity  because 
the  nervous  tissue  has  been  thrown  into  a condition 
of  heightened  activity,  there  may  be  an  irregularity 
in  the  central  nervous  processes  due  to  the  abnormally 
strong  currents  of  excitation  and  to  the  impossibility 
of  restraining  these  currents  of  stimulation  within  the 
ordinary  channels  of  connection  and  discharge.  The 
disorganization  here  is  like  the  disorganized  behavior 
of  a stream  that  overflows  its  banks. 

There  are  certain  conditions  produced  in  nature 
which  are  quite  analogous  to  these  conditions  produced 
b}'’  drugs.  Such  conditions  appear  in  fevers  when  the 
organism  is  under  the  influence  of  certain  toxic  sub- 
stances, and  is  rendered  hypersensitive  through  the 
chemical  action  of  these  foreign  substances  on  the  tis- 
sues. The  delirium  of  the  fever  patient  presents 
clearly  the  picture  of  too  intense  activity  in  the  central 
nervous  system,  and  the  muscular  activity  of  such  an 
individual  is  directly  related  to  his  irregular  and  ex- 
cessive central  processes.  Such  a person  may  also  be 
excessively  sensitive  to  slight  sounds  or  other  irrita- 
tions of  the  organs  of  sense. 

These  different  cases  show  the  relation  between  nerv- 
ous organization  and  mental  organization,  and  by 
their  negative  characteristics  confirm  the  discussions 
of  the  preceding  chapters,  in  which  it  has  been  main- 
tained that  normal  mental  life  is  a continuous  process 
of  integration  and  organization. 

The  condition  known  as  hypnosis  has  long  been  the 
source  of  superstitious  wonder,  and  much  has  been  said 
and  written  in  regard  to  it  which  would  tend  to  increase 
the  mystery  which  attaches  to  it.  In  many  respects 
it  is  a condition  closely  related  to  normal  sleep.  On 
the  other  hand,  it  has  certain  peculiar  characteristics 
which  differentiate  it  from  ordinary  sleep.  These  pecul- 
iarities can,  however,  be  fully  understood  under  the 
formula  adopted  in  explanation  of  normal  sleep,  pro- 
vided that  formula  is  slightly  modified  to  include  cer- 
tain specialized  forms  of  dissociation. 
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While  normiil  sleep  involves  the  uncoupling  or  dis- 
sociation of  the  nervous  elements,  especially  of  the  type 
which  suspends  activity  in  the  higher  centers,  hypnosis 
involves  a dissociation  which  is  partial  and  leaves  a 
part  of  the  higher  centers  in  action.  To  put  the  matter 
in  simple  terms,  we  may  say  that  in  normal  sleep  the 
cerebrum  is  dissociated  from  the  lower  centers,  and 
various  centers  in  the  cerebrum  are  dissociated  from 
each  other;  whereas,  in  hypno.sis  only  a part  of  the  cere- 
brum is  dissociated  from  the  lower  centers.  The  re- 
maining part  of  the  cerebrum  continues  to  carr}'  on  its 
activities,  and,  indeed,  profits  by  the  cessation  of  ac- 
tivity in  the  dormant  portion,  for  the  active  part  of  the 
nervous  system  is,  in  such  a ca.se  as  this,  supplied  with 
an  unusually  large  amount  of  blood,  and  its  activity 
reaches  a much  higher  level  of  intensity,  becau.se  of  this 
superior  nutritive  supply  and  because  of  the  concen- 
tration of  all  of  the  nervous  activity  in  one  region. 
Such  a crude  statement  as  this  is  undoubtedly  too  sim- 
ple in  its  terms,  and  yet  it  represents  the  situation  in 
principle. 

The  way  in  which  the  condition  of  partial  or  h}’pnotic 
dissociation  is  produced  in  the  nervous  system  differs 
with  the  practice  of  different  hypnotizers.  One  of  the 
characteristic  methods  of  producing  hypnosis  is  to 
require  the  subject  to  gaze  at  some  bright  object  until 
a kind  of  partial  stupor  comes  over  him.  He  may  then 
be  aroused  to  activity  through  the  sense  of  hearing. 
The  ideas  which  he  receives  and  the  activities  wliich 
he  performs  have,  under  these  conditions,  many  of 
the  characteristics  of  dissociation.  Another  way  of 
producing  hypnosis  is  to  soothe  the  subject  into  a sleep- 
like condition.  Stroking  the  forehead  or  the  face  is 
very  commonly  practiced  by  hypnotizers.  Here  again, 
the  appeal  to  the  subject,  after  the  dormant  condition 
has  set  in,  is  through  the  sense  of  hearing  or  even 
through  the  sense  of  vision. 

When  a subject  has  been  frequently  hj-pnotized,  it 
is  possible  to  reproduce  the  hypnotic  condition  without 
elaborate  preliminaries.  The  subject  acquires  what 
may  be  called  a habit  of  dissociation.  A simple  order 
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from  the  liypnotizer  is  enough  to  throw  the  subject 
into  the  condition.  Sometimes  the  habit  is  carried  to 
such  an  extent  that  the  subject  is  able  to  throw  himself 
into  the  hypnotic  condition.  Such  self-induced  hyp- 
nosis is  known  as  auto-hypnosis.  The  ability  to  pro- 
duce the  hypnotic  state  in  the  subject  does  not  depend 
upon  any  peculiar  powers  on  the  part  of  the  hypnotizer; 
it  depends  rather  upon  his  ability  so  to  influence  his 
subject  that  the  condition  of  partial  sleep  described 
shall  be  induced.  The  essential  condition  with  which 
the  subject  himself  must  comply,  in  order  to  come  under 
the  influence  of  a hypnotizer,  is  that  he  concentrate  his 
attention.  The  only  persons  who  cannot  be  hypno- 
tized are  3'oung  children,  idiots,  and  insane  persons, 
all  of  whom  are  unable  to  concentrate  attention.  This 
statement  effectually  disposes  of  the  popular  belief 
that  only  weak-minded  persons  can  be  hypnotized. 
The  most  effective  method  of  avoiding  hypnosis  is  to 
scatter  attention  as  much  as  possible  over  a great 
variety  of  objects.  Concentration  of  attention  is  always 
favorable  to  hypnosis  and  allied  conditions.  The 
audience  which  gives  close  attention  to  a speaker  or 
performer  is  susceptible  to  a species  of  hypnosis;  while, 
on  the  other  hand,  there  is  no  danger  of  hypnosis  in  a 
distracted  audience.  The  methods  of  inducing  hyp- 
nosis have  been  accidentally  discovered  from  time  to 
time  by  performers  who  are  then  able  to  give  striking 
exhibitions  of  their  discovery.  Many  Oriental  jugglers 
begin  their  performance,  the  success  of  which  undoubt- 
edly depends  upon  their  hypnotic  influence  over  their 
audiences,  with  a dance  in  which  the  body  of  the  per- 
former is  moved  with  a gradually  increasing  speed,  which 
inevitably  induces  a gradually  increased  concentration 
of  attention  on  the  part  of  the  observer.  When  this 
dance  grows  more  and  more  rapid  and  more  and  more 
engaging  to  the  attention,  the  observer  is  completely 
mastered  and  the  main  performance  may  be  undertaken. 
The  h^^pnotic  influence  of  such  a dance  is  very  fre- 
ciuently  augmented  by  the  burning  of  incense,  which 
has  more  or  less  of  a narcotic  effect  upon  the  observers. 
In  like  manner,  certain  animals  are  probably  drawn  into 
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a hypnotic  state  by  the  movement  of  .snakes.  This 
has  frequently  been  reiiorted  in  tlie  case  of  birds  and 
monkeys. 

When  the  hypnotic  state  has  been  produced,  the 
plienomena  exhibited  are  of  two  distinct  types.  First, 
there  is  a su.spension  of  certain  activities,  and  second, 
there  is  an  abnormal  heightening  of  other  activities. 
This  may  be  seen  with  reference  to  the  reception  of 
sensory  stimulations.  Certain  stimulations  are  no  longer 
received  by  the  hypnotized  .subject.  For  this  reason, 
the  condition  has  sometimes  been  u.sed  by  savage  tribes 
for  surgical  purposes,  exactly  as  in  modern  life  we  u.se 
drugs  which  will  produce  a cli.ssociation  of  the  nervous 
system,  and  thus  prevent  pain  from  exce.ssive  external 
stimulation.  On  the  other  hand,  certain  other  sen.ses 
may  be  open  to  stimulation.  A hypnotized  subject 
may  be  wholly  ansesthetic  in  his  skin,  while  still  retain- 
ing the  ability  to  receive  impres.sions  through  certain 
of  his  other  senses.  Indeed,  the  concentration  of 
nervous  activity  in  certain  particular  senses  results  in 
such  a heightening  of  their  ability  to  receive  impres- 
sions that  the  subject  may  perform  most  astonishing 
feats  of  sensory  receptivity.  He  may  hear  ver}’^  faint 
sounds  or  he  may  see  remote  visual  objects.  It  is  to 
be  noted  that  this  hypersesthesia  of  the  senses  is  not 
so  extraordinary  as  it  would  at  first  sight  seem  to  be. 
We  all  become  hypersesthetic  when  we  concentrate  at- 
tention in  any  direction.  If  one  is  listening  for  an 
important  signal  or  watching  for  some  object  which  is 
of  great  importance  to  him,  he  will  be  using  his  nervous 
energy  in  the  emphasized  direction  and  will  be  cor- 
respondingly impervious  to  impressions  from  other 
sources.  The  conditions  in  hypnosis  are  merely 
exaggerations  of  those  which  appear  in  ordinary  life. 

Turning  from  the  sensoiy  processes  to  the  central 
processes,  we  find  again  that  certain  activities  are 
entirely  in  abeyance,  while  others  are  much  intensified. 
If,  for  example,  it  is  suggested  to  an  hypnotized  subject 
that  he  is  an  animal  instead  of  a human  being,  the 
suggested  idea  may  take  such  large  possession  of  liim 
as  to  command  his  whole  attention  and  guide  his  ac- 
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tivity.  If  a normal  individual  is  told  that  he  is  an 
animal,  he  immediately  brings  to  bear  ui)on  the  sug- 
gested idea  a great  variety  of  incompatible  experiences, 
which  make  it  clear  that  the  statement  is  false  and 
unacceptable.  In  the  case  of  the  hypnotized  subject, 
very  much  as  in  the  case  of  the  dreamer,  the  corrective 
ideas,  which  constitute  the  fabric  of  normal  life,  are 
absent,  so  that  the  single  idea  takes  possession  quite 
unrestrained  and  commands  belief  as  the  accepted  con- 
tent of  consciousness.  This  credulousness  of  the  hyp- 
notic consciousness  is  described  by  saying  that  the 
subject  is  very  open  to  suggestion.  Anything  that  is 
said  to  him  will  be  accepted,  and  any  form  of  interpre- 
tation of  experience  which  is  offered  to  him  will  be 
taken  up  without  serious  question  and  without  any 
effort  on  his  part  to  criticise  the  ideas  which  have  been 
given  him  by  the  hypnotizer.  Suggestibility  has  very 
frequentl}’’  been  emphasized  to  the  exclusion  of  the  con- 
verse fact  that  the  h}^pnotized  subject  is  quite  incapable 
of  subjecting  any  ideas  to  critical  comparison.  So  also 
the  positive  increase  in  sensitivity  has  been  the  im- 
pressive fact;  the  diminution  of  sensibility  has  often 
been  overlooked.  The  negative  considerations  are, 
however,  essential  to  a complete  understanding  of  the 
case,  just  as  the  negative  considerations  are  of  impor- 
tance if  we  would  understand  the  credulousness  ex- 
hibited in  dreams. 

The  central  nervous  conditions  which  are  induced  in 
hypnosis  are  sometimes  sufficiently  unstable  to  produce 
the  most  complex  phenomena.  It  is  sometimes  found 
that  the  dissociated  parts  of  the  cerebrum  are  not  only 
dissociated  from  each  other,  but  they  are  also,  to  a 
certain  extent,  capable  of  independent  action.  Thus, 
while  one  part  of  the  cerebrum  seems  to  be  dealing 
with  impre.ssions  received  through  the  sense  of  hearing, 
another  part  may  be  engaged  in  responding  to  tactual 
impressions.  Or,  the  case  may  be  rendered  even  more 
complicated  by  the  fact  that  the  impressions  coming 
from  one  ear  .seem  to  serve  as  stimulations  for  certain 
activities,  while  auditory  impressions  received  on  the 
opposite  side  of  the  body  are  effective  in  producing 
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an  entirely  different  set  of  experiences  and  responses. 
There  result  in  such  cases  what  are  known  as  dual  and 
multiple  pensonalities.  Jiy  jjersonality,  as  the  term 
is  used  in  such  cases,  is  meant  any  organized  group 
or  system  of  ideas  and  activities.  The  various  groups 
of  systematized  activities  and  ideas  which  exist  side  by 
side  in  an  hypnotized  subject,  owe  their  separation 
to  nervous  and  mental  di.ssociation ; each  personality 
is,  therefore,  a relatively  less  complex  system  than  that 
which  exists  when  the  whole  cerebrum  is  acting  as  a 
single  organ.  The  division  of  an  individual  into  a 
number  of  systems  of  organization  appears  in  other 
states  than  the  hypnotic  state,  and  it  may  result  in 
certain  permanent  or  certain  temporary  disruptions  of 
personality,  which  have  been  noted  in  such  stories  as 
that  of  Dr.  Jekyll  and  Mr.  Hyde. 

From  time  to  time  one  reads  of  a case  of  lapse  in 
memory  which  amounts  to  a dissociation  of  person- 
ality. A man  forgets  who  he  is  or  what  business  he 
has  been  following.  He  is  sufficiently  normal  in  his 
general  organization  to  respond  to  a great  variety 
of  impressions  in  a regular  fashion,  but  the  complex 
structure  of  mental  life  breaks  down  and  the  man  is 
only  partly  reconstructed  in  the  second  self.  Tertiary 
and  quarternary  personalities  may  appear  in  all 
jDossible  combinations.  The  secondary  or  tertiary 
personality  may  know  its  fellows,  but  may  be  itself 
quite  forgotten.  Several  cases  have  been  described, 
in  which  personality  B knows  not  only  its  own  acts 
and  emotions,  but  also  the  acts  and  emotions  of  the 
other  personality  A.  Sometimes  B not  onh^  knows  but 
heartily  dislikes  A.  Sometimes  two  personalities 
exist  simultaneously  within  the  same  body  and  seem 
to  have  separate  lives  and  characters.  The  writer 
knew  of  a case  of  a young  man  who  was  the  object 
of  superstitious  wonder  in  the  village  in  which  he  lived, 
because  he  had  two  personalities.  These  two  per- 
sonalities knew  each  other  and  held  long  discussions 
with  each  other.  Often,  when  they  came  to  a turn  in  the 
road,  they  disagreed  with  each  other  as  to  the  direction 
in  which  their  body  should  move,  and  the  passer-by 
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could  see  the  abnormal  man  mumbling  an  argument 
between  his  two  selves. 

The  details  of  such  cases  are  baffling  in  the  extreme, 
but  nothing  can  be  clearer  from  our  earlier  studies  than 
the  general  formula  of  dissociation,  with  the  added  fact 
of  partial  organization  around  different  centers.  The 
matter  becomes  more  intelligible  if  we  remember  that 
even  in  ordinar}''  life  there  is  a subdivision  of  experience 
into  different  systems.  This  matter  was  referred  to  in 
an  earlier  chapter  when  we  distinguished  between  the 
business  self,  the  social  self,  and  so  on.  Each  one  of 
these  selves  is  only  partially  related  to  the  other  systems 
of  e.xperience  and  forms  of  behavior.  The  man  who 
is  buried  in  the  details  of  a business  transaction  is  just 
as  oblivious  to  considerations  of  a literary  sort  as  the 
hypnotized  subject  is  oblivious  to  a certain  group  of 
possible  experiences.  We  do  not  call  the  ordinary  ab- 
sorption of  the  self  in  business  a case  of  multiple  per- 
sonality, because  the  neglected  personality  in  the  case 
of  the  business  man  is  not  so  remote  but  that  it  can 
be  immediately  called  out,  if  he  turns  his  attention  to 
some  literary  considerations.  The  normal  individual 
is  capable  of  transferring  his  attention  and  interest 
from  center  to  center  according  as  the  external  en- 
vironment demands,  while  the  hypnotized  subject 
or  abnormal  person  is,  through  dissociation,  quite 
incapable  of  a rapid  transfer  of  attention  or  of  cor- 
relating the  different  phases  of  his  experience. 

We  shall  return  to  the  discussion  of  multiple  per- 
sonality under  the  general  head  of  insanity,  for  the 
fundamental  distinction  between  insanity  and  hypnosis 
is  to  be  found  in  the  degree  of  permanency  which  is 
attained  in  the  latter  state,  as  contrasted  with  the  more 
transient  character  of  the  hypnotic  condition. 

In  the  meantime,  it  is  necessary  to  add  a few  com- 
ments on  the  motor  activities  of  hypnotized  subjects. 
These  motor  activities  frequently  exhibit  little  or  no 
departure  from  the  ordinary  coordinations  of  normal 
life.  The  hypnotized  subject  is  capable  of  walking, 
often  of  writing  or  producing  certain  other  complex 
forms  of  movement.  Such  continuation  of  the  bodily 
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coordinations  is  explicable  on  the  ground  that  the 
lower  centers  of  the  nervous  system  are  not  dissociated 
by  the  changes  that  take  place  in  the  higher  (centers. 
Whenever  the  higher  centers  are  able  to  send  stimu- 
lations to  the  lower  centers,  these  lower  centers  are 
capable  of  responding  with  their  usual  degree  of  co- 
ordination. The  lack  of  organization  is  exhibited 
rather  in  the  inability  to  maintain  a normal  balance 
between  the  various  centers  which  call  the  lower  centers 
into  play.  It  is  to  be  noted,  however,  that  the  move- 
ments of  hypnotized  subjects  sometimes  indicate  by 
their  clumsiness  and  lack  of  precision  that  the  disin- 
tegrating force  has  affected  certain  of  the  motor 
channels  as  well  as  the  central  organizations. 

There  is  one  group  of  facts  in  hypnosis  which  should 
perhaps  be  made  the  subject  of  special  comments. 
The  suggestions  received  by  the  hypnotized  subject 
may,  in  some  cases,  be  carried  over  so  as  to  become 
operative  in  a later  period,  after  the  subject  has  ap- 
parently recovered  from  the  hypnotic  trance.  Such 
after-effects  are  known  as  post-hypnotic  effects,  and 
the  suggestions  are  described  as  post-hypnotic  sug- 
gestions. Even  more  significant  is  the  fact  that  after- 
effects of  the  hypnotic  trance  are  of  a general  kind. 
It  is  a fact  that  the  effect  of  the  hypnotic  state  is  in  the 
direction  of  a perpetuation  of  dissociative  tendencies. 
Sleep  is  transient  and  leads  to  a more  \dgorous  form 
of  activity  after  it  is  over.  Hypnosis,  on  the  other 
hand,  tends  not  to  restore  the  nervous  S3’^stem  to  a more 
vigorous  condition,  but  to  perpetuate  dissociation. 
This  is  due  to  the  fact  that  sleep  is  negative,  while 
hypnosis  is  positive  in  certain  of  its  phases,  in  that  it 
trains  certain  centers  to  act  \vithout  reference  to  others. 
It  therefore  operates  by  virtue  of  its  positive  phases 
toward  permanent  disorganization.  It  is  for  such 
reasons  as  these  that  the  use  of  hypnosis  is  in  general 
to  be  avoided.  The  disorganizing  effects  of  hypnosis 
are  of  the  same  general  type  as  the  disrupting  tendencies 
of  certain  drugs.  The  individual,  who  with  sufficient 
frequency  comes  under  the  influence  of  these  drugs 
or  of  hypnosis,  will  ultimately  settle  into  a state  of 
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nervous  disorganization  from  which  it  will  bo  quite 
impossible  for  him  to  recover,  even  when  recovery  is 
demaiuled  for  the  purposes  of  normal  life.  Hypnosis 
is  not  utilized  by  reputable  practitioners,  because  its 
ultimate  effects  are  not  as  readily  controllable  as  are 
the  effects  even  of  the  narcotic  drugs;  and  there  is 
no  justification  whatever  for  the  use  of  hypnosis  as  a 
means  of  amusement,  any  more  than  there  would  be  for 
using  a strong  narcotic  drug  to  bring  an  individual  into 
a condition  which  would  make  him  the  subject  of 
observation  for  purposes  of  entertainment. 

As  has  been  indicated  in  the  earlier  paragraphs,  in- 
sanity is  a form  of  relatively  permanent  dissociation. 
Certain  forms  of  delirium,  which  have  been  referred 
to  before,  furnish  the  best  introduction  to  the  study 
of  insanity.  In  delirium  the'  subject  is  so  highly  ex- 
citable that  the  normal  avenues  of  stimulation  and 
discharge  are  for  the  time  being  completely  disrupted, 
and  the  currents  of  nervous  activity  and  the  cor- 
responding facts  of  experience  are  dissociated.  As 
delirium  disappears  and  gives  place  to  the  usual  in- 
tensity of  nervous  activity,  the  individual  may  return 
to  the  earlier  normal  condition  or,  on  the  other  hand, 
there  may  be  left  behind  a permanent  abnormal  state, 
because  the  earlier  forms  of  organization  are  not  fully 
restored.  One  of  the  most  characteristic  symptoms 
of  all  forms  of  insanity  is  found  to  be  the  existence 
of  certain  hallucinations  or  fundamental  abnormalities 
in  the  subject’s  world  of  ideas.  The  insane  person 
believes  himself  to  be  Julius  Caesar  or  some  biblical 
character,  or  even  some  divinity.  There  is  no  difficulty 
in  recognizing  the  fact  that  the  idea  of  transferred  iden- 
tity may  come  into  the  mind  of  any  normal  individual. 
It  is,  however,  in  the  case  of  a normal  individual  imme- 
diately criticLsed  and  abandoned,  because  of  its  incom- 
patibility with  the  person’s  general  knowledge  of  the 
world  and  his  place  in  it.  When  the  compact  organ- 
ization which  has  been  built  up  in  normal  experiences 
has  once  given  way,  and  the  idea  that  one  is  Julius 
Caesar  or  some  other  character  has  presented  itself  as 
a center  of  reconstruction  in  the  midst  of  the  resulting 


Insanity  is 
a perma- 
nent form 
of  disor- 
ganization, 
introduced 
in  many 
cases  by 
dissociation 
and  settling 
into  an  ab- 
normal re- 
organiza- 
tion. 


354 


PSYCIIOLOCJV" 


Melan- 
cholia as  s 
typical 
form  of  dis- 
sociation. 


chaos,  there  is  a possibility  of  an  abnormal  reorgan- 
ization of  experience.  The  individual  is  no  longer 
restrained  by  that  system  of  ideas  which  has  been 
laboriously  built  up  through  contact  with  the  world; 
the  result  is  that  the  whole  later  ideational  life  of  the 
individual  loses  its  adaptation  to  the  real  world.  The 
characteristic  fact  in  certain  cases  of  in.sanity  is,  ac- 
cordingly, not  describable  in  simple  ternhs  of  dissocia- 
tion; it  is  rather  to  be  defined  in  terms  of  di.s.sociation 
with  an  abnormal  association  or  integration  following 
upon  the  breaking  down  of  the  normal  system.  In 
other  cases,  disintegration  is  the  more  obvious  fact. 
The  individual  simply  loses  control  of  his  ideas  and 
his  mind  seems  to  be  flooded  with  an  incoherent  mass  of 
experience.  His  words  reflect  this  incoherency  of  ideas 
and  his  behavior  indicates  an  ab.sence  of  self-control. 
Such  disintegrated  forms  of  consciousne.ss  and  behavior 
commonly  appear  in  the  last  stages  of  almost  every 
kind  of  insanity,  even  where  there  has  been  for  a time 
reorganization  about  an  abnormal  center. 

One  of  the  very  general  forms  of  dissociative  ab- 
normality is  that  which  appears  in  so-called  melan- 
cholia. In  melancholia  there  is  a general  reduction  of 
all  the  bodily  activities,  including  the  acti\dties  in  the 
nervous  system.  The  subject  becomes  phlegmatic 
and  depressed  in  all  his  functions.  The  whole  feeling 
tone  of  experience  takes  on  a marked  disagreeable 
character,  which  can  be  explained  in  terms  of  our  earlier 
discussion  of  feeling  by  saying  that  the  individual 
does  not  arouse  himself  easily  to  respond  to  any  form 
of  stimulation,  and  when  his  nervous  system  is  in  any 
way  aroused  by  powerful  external  excitation,  the  re- 
action upon  the  stimulus  is  so  laborious  and  contrary 
to  his  tendencies  and  mood  that  he  has  a strong  feeling 
tone  of  a disagreeable  type.  The  ideas  which  such 
a subject  has  are  often  organized  about  each  other  in  a 
way  that  furnishes  a kind  of  false  explanation  of  the 
subject’s  mood.  The  melancholic  subject  has  certain 
grievances  against  the  world.  Sometimes  these  griev- 
ances are  of  a trivial  character  and  make  it  clear  that 
the  grievance  could  not  have  been  the  exciting  cause 


FORMS  OF  DISSOCIATION 


355 


of  the  subject’s  condition.  Sometimes  the  grievance 
is  more  real  and  furnishes  an  apparent  ground  for  the 
condition.  Even  in  such  a case,  it  is  to  be  said  that  the 
person's  physical  condition  must  have  developed  into 
one  of  general  debility  before  the  apparent  cause  of 
his  mental  conditions  could  have  become  the  source 
of  abnormal  melancholia.  The  distinction  between 
a passing  case  of  depression  in  normal  life  and  melan- 
cholia is  that  passing  depression  is  temporary,  and 
nature  rebounds  from  it  in  such  a way  as  to  produce 
normal  conditions  after  the  depressing  circumstances 
are  past.  In  the  case  of  melancholia,  the  depressing 
tendencies  become  permanent,  and  it  is  this  per- 
manency rather  than  the  fact  of  depression  or  its  cor- 
responding nervous  conditions  which  constitutes  the 
characteristic  fact  in  insanity.  Indeed,  one  can  find 
almost  every  possible  grade  of  transition  from  normal 
life  to  extreme  abnormality.  The  result  is  that  those 
who  have  made  a special  study  of  these  transitions,  and 
those  whose  attention  is  for  the  first  time  called  to  the 
possibility  of  such  transition,  are  likely  to  indulge 
in  the  extravagant  statement  that  all  persons  are  at 
times  or  on  certain  subjects  more  or  less  insane.  It 
is  undoubtedly  true  that  all  persons  do  depart  at  times 
from  the  type  of  mental  and  bodily  organization  which 
constitutes  normal  life,  but  unless  these  states  become 
fixed  and  lead  to  distorted  and  unadapted  forms  of 
behavior,  they  should  not  be  classified  as  cases  of  in- 
sanity. 

The  opposite  tendency  to  the  melancholic  condition 
just  described  appears  in  certain  cases  of  excessive 
excitation.  A person  when  abnormally  excited  is  very 
frequently  possessed  of  excessive  bodily  strength. 
This  is  not  due  to  any  change  in  the  structure  of  his 
muscles,  but  rather  to  the  fact  that  the  nervous  system 
which  is  in  control  of  the  muscles  is  sending  to  the  active 
organs  stimulations  of  excessive  intensity.  There  are 
numerous  cases  in  normal  life  which  will  help  us  to 
understand  this  fact.  If  an  individual  is  fatigued, 
encouragement  and  stimulation  from  the  outside  world 
will  appreciably  increase  his  ability  to  execute  muscular 


Excessive 
excitation 
as  a second 
typical 
case  of  in- 
sanity. 


35G 


PSYCHOLOGY 


Relation 
of  psychia- 
try to  psy- 
chology. 


movements.  In  the  same  way  an  individual  may  be 
so  stimulated  by  abnormal  substances  in  the  blood,  that 
his  whole  nervous  behavior  is  raised  to  a high  level 
of  activity  and  the  motor  discharges  are  abnormally 
intense.  The  muscular  activity  of  such  a person  is 
typical  of  his  whole  condition.  His  ideas  come  in 
an  overwhelming  flood  and  lead  him  into  the  most  ex- 
travagant excesses  of  imagination  and  lack  of  self- 
control. 

These  illustrations  must  suffice  for  our  present  pur- 
poses. There  are  all  possible  combinations  of  disin- 
tegration and  reorganization  exhibited  in  in-sanity. 
There  is  a science  known  as  psychiatry  which  deals  with 
these  forms  of  dissociation  and  abnormal  association, 
and  there  is  a large  field  of  practical  observation  and 
study  open  here  to  the  trained  scientist.  The  chief 
lesson  for  our  general  science  is  that  the  normal  proce.sses 
are  processes  of  integration  leading  to  forms  of  associa- 
tion which  contribute  to  adaptation.  There  are  fre- 
quently illustrations  which  throw  light  upon  important 
principles  of  normal  association,  to  be  found  by  making  a 
careful  study  of  the  facts  of  dissociation,  but  in  general 
the  explanation  of  abnormal  states  is  made  ea.sier  by 
a careful  examination  of  normal  processes,  rather  than 
the  reverse.  It  does  not  follow  that  dissociation  will 
be  along  the  same  lines  as  association,  and  the  effort 
to  work  out  the  details  of  one  by  the  other  often  leads 
to  fallacies.  The  general  tendency  of  normal  life  is, 
however,  obviously  in  the  direction  of  adaptive  organ- 
ization; the  tendency  of  sleep,  hypnosis,  and  insanity, 
on  the  other  hand,  is  in  the  opposite  direction.  The 
particular  path  followed  in  each  case  can  be  defined  only 
through  empirical  examination  of  the  case. 


CHAPTER  XV 


THE  APPLICATIONS  OF  PSYCHOLOGY 


The  application  of  psychology  to  the  explanation  of 
various  forms  of  human  activity  is  not  always  an  easy 
task.  Many  of  these  forms  of  activity  have  reached  a 
stage  of  refinement  and  perfection  which,  in  practical 
adaptation  to  the  demands  of  human  life,  far  exceeds 
our  abstract  knowledge  of  the  relation  of  man  to  his 
environment,  either  physical  or  social.  For  example, 
we  are  all  of  us  capable  of  adjusting  ourselves  to  the 
demands  of  the  situation  when  it  is  necessary  for  us 
to  balance  ourselves  upon  any  unsteady  or  narrow  foot- 
ing, and  yet  the  mechanism  by  which  we  keep  our  bal- 
ance is  so  complex  that  the  abstract  description  of  the 
activities  involved  would  require  a long  and  elaborate 
treatise.  Again,  long  before  any  individual  begins  to 
make  a study  of  the  nature  of  language,  he  has  developed 
a degree  of  facility  in  this  mode  of  communication  which 
makes  it,  as  we  have  seen  in  our  earlier  discussion, 
one  of  the  most  important  features  of  human  life.  This 
perfection  of  practical  adaptation  prior  to  the  develop- 
ment of  theoretical  science  has  resulted  in  the  produc- 
tion of  a variety  of  social  institutions  and  individual 
forms  of  thought  and  feeling  which  can  continue,  and 
do  continue,  even  though  it  is  quite  impossible  to  give 
a full  scientific  account  of  their  nature. 

Among  the  elaborate  productions  of  the  human  mind 
which  surpa.ss  immeasurably  our  scientific  knowledge 
are  those  productions  which  constitute  art  in  all  of  its 
different  phases.  The  sphere  of  human  activity  to 
which  we  refer  when  we  use  the  term  art  is  a sphere 
in  which  the  relations  of  the  individual  to  his  external 
environment  are  relatively  free.  One  can  paint  a 
picture  and  suffer  serious  inconvenience  from  its 
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lack  of  conformity  to  the  requirements  of  the  external 
environment.  Indeed,  the  requirements  which  con- 
trol the  development  of  this  form  of  activity  are  not 
imposed  from  without,  but  are  impo.sed  rather  by  the 
laws  of  human  nature  and  its  internal  development. 
All  this  is  expressed  in  the  statement  that  art  appeals 
directly  to  subjective  attitudes  and  does  not  attempt 
to  deal  primarily  with  external  conditions.  It  is  for 
this  reason  that  psychology  draws  many  of  its  best 
illustrations  from  the  sphere  of  art.  If  we  find  a gen- 
eral principle  running  through  art,  we  are  led  at  once 
to  the  conclusion  that  there  is  a corresponding  tendency 
in  human  nature.  Certain  simple  illastrations  may 
be  offered.  Thus,  there  is  a certain  proportion  between 
the  long  and  short  sides  of  rectangular  figures,  which 
seems  to  be  generally  acceptable.  The  proportion  can 
be  expressed  mathematically  by  saying  that  the  long 
side  is  to  the  short  side  as  the  sum  of  both  is  to  the 
long  side.  If  we  examine  those  objects  which  have 
been  freely  constructed  without  special  external  limi- 
tations, we  shall  find  that  a great  many  of  them  take 
on  this  proportion.  For  example,  when  an  extensive 
series  of  measurements  was  made  of  the  two  legs  of 
ornamental  crosses,  these  crosses  being  pureh'  orna- 
mental in  motive  and  not  determined  in  figure  by  an}’’ 
requirements  of  the  material  used  in  constructing  them, 
it  was  found  that  they  maintain  the  proportion  de- 
scribed. This  fact  can  have  no  objective  explanation 
and  must  have  been  dictated  by  human  subjective 
attitudes. 

Symmetry  Again,  most  of  the  forms  of  balance  and  symmetry  in 
architecture,  painting,  and  other  forms  of  art,  are 
efforts  to  meet  the  demands  of  human  nature,  rather 
than  of  external  requirements.  As  we  have  seen  in  an 
earlier  discussion,  the  reason  why  a well-balanced  figure 
is  beautiful  is  probably  to  be  found  in  the  organization 
of  human  activity,  and  the  demand  for  symmetry  is 
so  deep-seated  that  man  has  always  endeavored  to 
satisfy  it.  If  we  examine  the  forms  of  architecture 
which  grew  up  in  a period  when  men  were  free,  so  far 
as  the  external  environment  was  concerned,  to  construct 
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buildings  of  any  size  which  they  pleased,  rather  than 
to  fit  their  constructions  to  the  requirements  of  a city 
building  lot,  we  find  that  the  size  and  form  of  these  free 
buildings  assumed  certain  general  proportions  which 
were  determined,  not  by  the  external  conditions,  but 
rather  by  the  demands  of  taste.  Indeed,  one  of  the 
fundamental  distinctions  between  ancient  and  modern 
architecture  is  a distinction  which  can  be  described 
by  saying  that  the  early  builders  followed  their  sense 
of  proportion,  while  modern  builders  follow  certain 
definite  laws  of  mechanical  construction.  A Gothic 
cathedral  of  the  pure  type  very  commonly  exhibits 
certain  irregularities  in  the  position  and  size  of  its 
columns,  which  yield  in  the  mass  an  impression  of  solid- 
ity and  symmetry  that  could  not  be  obtained  if  every 
part  of  the  building  had  been  conformed  to  exact 
mechanical  rules.  A modern  building  is  constructed 
with  definite  reference  to  mathematical  regularity  of 
dimensions  and  with  reference  also  to  the  strain  which 
is  to  be  placed  upon  every  given  part  of  its  floors  and 
walls.  There  is  little  tendency  to  use  the  material 
freely ; there  is  much  greater  tendency  to  do  only  what 
is  necessary  to  meet  the  simpler  mechanical  require- 
ments. A column  made  of  steel  is  designed  to  support 
a certain  weight,  and  the  size  of  the  column  used  in  a 
building  is  usually  determined  by  the  weight  which 
it  is  to  carr3q  rather  than  by  its  appearance.  These 
facts  go  to  show  how  the  practical  demands  of  his 
physical  environment  have  bound  the  activities  of 
man  more  and  more  clo.sely  to  definite  adaptations 
and  left  him  less  and  less  free  to  express  the  tendencies 
of  his  own  nature. 

There  are  many  indications  in  the  earlier,  freer  archi- 
tecture of  the  Greeks  that  they  followed  certain  broad 
principles  of  rhythmical  proportion  which  correspond 
so  closely  to  what  we  found  to  be  the  principles  of 
mmsical  rhythm  and  harmony,  that  there  is  a suggestion 
of  a common  type  of  human  organization  lying  back 
of  both  spheres  of  art.  It  has  been  pointed  out,  for 
example,  that  the  height  of  a Greek  column  is  an  exact 
multiple  of  its  diameter.  Furthermore,  the  space 
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between  the  columns  always  stands  in  definite  relation 
to  the  diameter  of  the  column.  In  details  of  construc- 
tion also,  as,  for  example,  in  the  various  portions  of  the 
decorations  in  the  Ionic  capital,  the  parts  are  related  to 
each  other  in  definite  unit  ratios,  so  that  a constructive 
symmetry  runs  through  the  whole  and  gives  the  ob- 
server a feeling  of  composure  and  unity  which  needs 
no  theoretical  definition  to  make  it  impres.sive. 

What  is  true  of  architecture  is  much  more  obvious 
with  reference  to  literary  art.  Here  the  attainments 
of  writers  have  long  outstripped  our  theoretical  knowl- 
edge of  the  ways  in  which  literature  may  be  produced. 
It  is  clear  that  the  laws  of  literary  compo.sition  mast 
be  laws  of  human  nature,  and  the  great  artists  have 
unquestionably  followed  with  sufficient  closene.ss  the 
demands  of  human  nature  to  leave  their  works  as 
standards  for  future  development  and  as  expressions 
of  the  direction  in  which  all  individual  development 
must  tend. 

Some  purely  formal  indications  of  the  completene.ss 
with  which  great  literature  conforms  to  the  demands 
of  human  nature  may  be  found  in  the  fact  that  there 
are  even  in  prose  compositions  certain  typical  rhythms 
which  give  to  these  compositions  a regular  sym- 
metry of  character,  which  undoubtedly  constitutes  one 
of  its  charms.  It  is  a striking  example  of  the  fact  that 
art  may  outstrip  science,  that  it  is  not  }^et  possible  to 
give  any  complete  theoretical  account  of  the  prose 
rhythms  of  the  best  writers.  Evidently  those  who  have 
contributed  the  great  works  to  literature  have  suc- 
ceeded in  utilizing  the  language  in  which  they  wrote  in 
such  a way  as  to  exjDress  an  internal  organization  of 
their  own  which  was  altogether  appropriate  to  their 
theme  and  to  the  vernacular,  and  this  they  have  done 
spontaneously  and  very  often  without  complete  the- 
oretical recognition  of  what  they  were  doing.  When 
the  student  of  such  prose  arrives  b}'^  laborious  anal^vsis 
at  some  knowledge  of  the  rhythms  which  it  contains, 
he  is  not  creating  rhythms,  but  rather  rediscovering 
by  the  tardy  methods  of  scientific  analysis  a formula 
which  has  been  achieved  by  the  great  writer  through 
direct  development. 
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If  the  forms  of  prose  composition  have  exhibited 
complexity  of  structure,  together  with  a fundamental 
regularity  of  form,  it  is  even  more  true  of  verse  that  its 
masters  have  never  followed  rigid  mechanical  principles 
in  tlieir  work.  And  yet  they  have  adequately  met 
the  demands  of  human  nature.  Their  confoi’mity  to  a 
limited  group  of  principles  is  seen  in  their  adherence 
to  certain  regular  forms  which  are  sufficiently  obvious 
to  be  imitated  in  gross  outline  by  writers  of  less  taste 
and  power;  but  the  full  and  effective  use  of  verse 
forms  has  always  involved  a certain  freedom  of  manipu- 
lation which  has  defied  any  complete  theoretical  ac- 
count and  which  certainly  has  never  been  directly 
deducible  from  what  we  know  of  the  general  principles 
of  psychology.  Psychology  must  frankly  admit  in 
such  a case  as  this  that  it  follows  in  the  steps  of  a 
complete  adaptation,  very  far  behind  the  adaptation 
itself.  Neverthele.ss,  the  psychological  problem  is  clear, 
and  a general  suggestion  as  to  the  explanation  of  these 
facts  may  be  found  in  what  has  been  said  in  an  earlier 
connection  regarding  the  nature  of  rhythm. 

The  purely  personal  characteristics  of  a given  writer 
are  the  characteristics  which  can  be  most  readily  dis- 
covered through  comparative  study.  For  this  reason 
the  usual  forms  of  literary  study  deal  with  the  personal 
characteristics  of  writers,  rather  than  with  the  funda- 
mental laws  of  mental  nature  involved.  That  there 
are  fundamental  laws  appears  at  every  step  where  a 
general  scientific  investigation  is  made,  and  there  cer- 
tainly is  no  ultimate  reason  why  the  scientific  inquiry 
should  not  be  extended  in  every  direction.  In  the 
meantime,  even  the  personal  usages  of  single  writers 
challenge  our  efforts  at  explanation.  Thus,  when  it  is 
found  that  a certain  writer  has  injected  at  a certain 
point  a figure  of  speech  or  a simile,  or  has  abbreviated 
his  expre.ssion  by  deliberately  omitting  some  word  or 
phrase  which  should  naturall}'  have  been  expected,  we 
can  often  .say  why  the  effect  which  is  produced  by  the 
figure  or  by  the  striking  departure  from  regular  usage 
is  more  in  conformity  with  the  demands  of  mental 
organization  than  would  be  the  set  form  of  discourse. 
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Tlie  effort  to  give  a seientific  explanation  at  these 
points  is  not  opposed  to  descriptive  study,  which  doubt- 
less is  entirely  legitimate.  On  the  other  hand,  a de- 
scriptive study  supplemented  by  some  psychological 
analysis  of  the  literary  device  would  tend  to  raise 
literary  criticism  to  the  level  of  an  explanatory  science. 
It  is  not  at  all  a,sserted  that  the  explanatory  principles 
thus  developed  would  make  it  pos.sible  for  any  one  to 
create  great  literature;  but  just  as  geology  teaches  us 
more  of  the  nature  of  volcanoes  than  does  mere  de- 
scription, so  the  p.sychological  consideration  of  literary 
forms  would  carry  us  further  than  mere  enumeration 
of  the  forms  of  expression  which  appear  in  the  great 
masterpieces. 

There  is  much  justification  in  .such  comsiderations  as 
the  foregoing  for  the  belief  that  scientific  and  theo- 
retical knowledge  is  not  by  any  means  the  only  high 
form  of  human  experience.  Indeed,  it  has  often  been 
suggested  that  human  intuitions  and  vague  feelings  fre- 
quently bring  us  much  nearer  to  that  which  afterward 
proves  to  be  the  truth  than  do  our  most  elaborate 
processes  of  reasoning.  The  poet  has  always  claimed 
for  himself  a higher  position  than  he  would  allow  to 
the  scientist  who  is  bound  by  the  demands  of  rigid 
evidence.  We  often  speak  of  the  insights  of  the  artist, 
and  mean  by  this  phrase  that  the  artist  sees  be3"ond  the 
ordinary  facts  of  definite  observation  and  clear  vision 
to  ranges  of  facts  which  are  of  importance,  but  are  not 
open  to  our  inspection.  What  has  been  said  in  an 
earlier  chapter  with  regard  to  the  nature  of  feelings 
will  be  of  some  assistance  in  clearing  up  the  paradox 
which  here  appears.  When  explaining  the  feelings,  we 
discovered  that  whatever  runs  counter  to  the  organized 
nature  of  the  individual  will  arouse  a disagreeable 
feeling.  Whatever  is  in  fundamental  agreement  ^\■ith 
nature  will  give  pleasure.  If  now  the  experiences  of 
life  are  in  subtle  agreement  or  disagreement  with  the 
organization  of  the  individual,  it  does  not  follow  that 
the  individual  will  become  clearl}'’  conscious  of  this 
fact  in  ideational  or  abstract  terms,  and  3’et  he  ma}’  be 
vividly  aware  of  the  disagreeable  feeling  imposed  upon 
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him  by  a certain  experience.  For  example,  as  we  have 
seen  in  earlier  discussions,  the  organization  of  an  animal 
may  be  such  that  certain  color  stimulations  are  funda- 
mentally opposed  to  its  natural  organization.  Feeling 
is,  therefore,  a kind  of  spontaneous  adjustment  with 
a practical  value  which  often  surpasses  that  of  theoret- 
ical judgments.  It  may  be  relied  upon  in  those  situ- 
ations where  the  organization  is  simple  enough  or  the 
response  direct  enough  to  give  an  unbiased  reflection 
of  the  individual’s  relation  to  the  impression.  On  the 
other  hand,  when  life  becomes  complex,  as  it  is  in  human 
beings,  native  instincts  and  native  feelings  are  often 
overlaid  by  a series  of  developments  so  indirect  that 
there  comes  to  be  a certain  rivalry  between  the  author- 
ity of  feeling  and  the  authority  of  abstract  knowledge. 
There  can  be  no  doubt,  for  e.xample,  that  the  social 
selections  by  which  one  determines  who  shall  be  his 
friends  are  dependent  in  large  measure  on  intuitions, 
but  one  does  not  need  to  be  very  old  or  worldly-wise 
to  recognize  that  the  complexities  of  social  life  are  such 
that  the  instinctive  feelings  which  we  have  in  making 
the  acquaintance  of  new  individuals  are  not  always 
safe  guides  in  the  development  of  social  relations. 
What  is  true  of  social  relations  is  true,  undoubtedly, 
of  artistic  intuitions  and  of  larger  intuitions  of  uni- 
versal truth.  It  is  quite  impossible  to  persuade  one 
who  regards  a line  of  poetry  as  beautiful  that  it  is  not 
beautiful  becau.se  it  violates  some  rigid  law  of  versifica- 
tion. It  is  quite  impossible  to  convince  one  who 
enjoys  a certain  picture  that  the  picture  is  deficient 
because  it  does  not  comply  with  certain  canons  of  a 
certain  school  of  art.  On  the  other  hand,  it  is  fre- 
quently possible,  by  a series  of  educative  contacts  with 
better  artistic  and  literary  forms,  to  gradually  modify 
an  individual’s  organized  feelings  so  that  he  shall  com- 
pletely change  the  character  of  his  judgment.  In- 
tuition is,  therefore,  not  a .separate  and  distinct  faculty 
of  life;  it  is  rather  an  expression  of  that  immediate  form 
of  recognition  of  congruity  or  incongruity  which  char- 
acterizes the  feelings  as  distingui.shed  from  abstract 
theoretical  knowledge.  The  devotee  of  feeling  need 
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not  be  disturbed  at  all  by  the  proposition  that  literar}^ 
and  artistic  forms  should  be  studieti  and  explained. 
The  feeling  need  not  lose  any  of  its  value  by  being  ex- 
amined and  rationally  explained.  On  the  other  hand, 
no  feeling  will  ever  be  an  ultimate  form  of  experience 
so  long  as  man  finds  it  possible  to  superimpo.se  on  direct 
forms  of  apprehension  and  reaction,  higher  forms  of 
abstract  thought. 

When  we  turn  from  the  discu.ssion  of  art  and  feeling 
to  certain  more  practical  spheres  of  investigation  in- 
volving human  nature,  namely,  those  taken  up  in  the 
social  sciences  and  anthropology,  we  find  that  the  .study 
of  psychology  is  very  direct  in  its  application  to  these 
spheres  of  study  and  explanation.  It  has  not  always 
been  fully  recognized  that  psychology  has  a relation  to 
the  social  sciences.  Certain  schools  of  social  scientists 
have  treated  the  institutions  which  they  study  merely 
as  objective  facts.  To  show  this,  we  may  take  as  an 
illustration  one  of  the  oldest  of  social  sciences ; namely, 
the  science  which  deals  with  language.  Language  is  a 
product  of  human  activity  which  has  a sufficiently 
independent  existence  to  make  it  an  easy  subject  for 
examination  and  analysis.  To  trace  the  historj’'  of  a 
word  is  to  undertake  an  investigation  which  calls  for 
little  reference  to  the  individuals  who  may  have  made 
use  of  this  word.  In  like  fashion,  the  study  of  a system 
of  sounds  and  written  symbols  may  result  in  the  dis- 
covery of  certain  regularities  and  laws  of  phonetics 
without  reference  to  the  human  beings  who  used  this 
language  and  who  were  the  ultimate  sources  of  regu- 
larities in  the  language  itself.  The  same  historical 
and  objective  methods  have  been  applied  to  the  stud}' 
of  other  institutions.  For  example,  religious  systems 
have  been  described  and  their  uniformities  and  diver- 
gencies have  been  ascertained  without  more  than  a 
passing  reference  to  the  individuals  who  developed  these 
systems  or  adhered  to  them. 

The  tendency  to  confine  attention  to  an  objective 
study  of  human  institutions  has  been  strengthened  by 
the  attitude  which  for  a long  time  prevailed  in  psy- 
chology, when  the  chief  method  of  investigation  was 
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the  introspective  method,  according  to  which  the  indi- 
vidual attempted  to  discover  the  laws  of  mental  life 
through  an  examination  of  his  own  immediate  expe- 
rience, and  with  ver}^  little  reference  to  the  modifying 
influence  of  his  fellow-beings  or  the  secondary  factors 
of  his  environment.  When  the  problem  of  psychology 
is  more  broadly  conceived,  so  that  it  is  seen  that  the 
character  of  human  mental  life  can  be  defined  only  by  a 
more  elaborate  study  of  numerous  examples  and  exter- 
nal relations,  the  spheres  of  institutional  study  and  of 
psychological  investigation  are  gradually  brought 
nearer  to  each  other. 

In  the  course  of  recent  psychological  study,  much  val- 
uable illustrative  material  has  been  borrowed  from  the 
sciences  which  deal  with  language,  and  from  anthro- 
polog3^  Ps}’chology  has  thus  expanded  under  the  in- 
fluence of  the  new  body  of  material  which  has  been 
adopted  into  it.  The  methods  of  psychology  have  be- 
come more  objective  and  the  results  of  individual  in- 
trospection have  been  broadened.  On  the  other  hand, 
the  scientific  study  of  all  other  human  beings  must  be 
based  upon  one’s  own  personal  experiences.  One 
naturally  thinks  of  primitive  man  in  terms  of  his  own 
mental  experiences.  If  there  is  no  scientific  study  of 
the  matter,  the  student  is  likely  to  carry  over  immature 
analogies  and  apply  them  to  cases  where  they  do  not 
illustrate,  but  rather  obscure  the  truth.  Thus,  as  has 
been  pointed  out  by  a recent  writer,  there  is  a wide- 
spread tendency  to  describe  the  mental  abilities  of 
savages  by  means  of  a succession  of  negatives.  They 
do  not  count,  they  do  not  have  a full  series  of  color 
terms,  they  do  not  paint  pictures,  or  write.  All  these 
negatives  are  mere  expressions  of  the  natural  tendency 
to  accept  ourselves  as  standards.  We  should  become 
sufficiently  impersonal  in  our  studies  to  recognize  that 
savages  probably  have  a nicety  of  space  perception 
which  is  very  much  greater  than  ours.  They  may  not 
select  color  qualities  and  name  them,  but  for  the  finer 
grades  of  variation  in  plant  and  animal  life  as  indi- 
cated by  color  they  have  the  most  highly  developed  dis- 
crimination. Not  only  the  savage,  but  even  our  con- 
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icm])orarie.s  in  different  civilizations  from  our  own,  are 
exceedingly  baffling  unless  we  make  some  study  of  their 
types  of  mental  development.  The  institutions  of 
Tibet,  China,  and  Jajian  are  obviously  different  from 
our  own,  but  the  character  of  the  mental  processes  back 
of  these  institutions  has  been  little  thought  of  and  little 
studied.  The  careful  scientific  study  of  the  mental 
characteristics  of  different  peoples  is  one  of  the  most 
promising  lines  of  extension  of  p.sychological  study. 

So  intimately  is  the  in.stitution  bound  up  with  the 
mental  development  of  the  individual  that  we  are 
justified  in  the  statement  that  p.sychology  is  the  basis 
of  any  explanatory  account  of  social  in.stitutions. 
There  is  one  particular  anthropological  problem  where 
the  significance  of  psychological  analysis  can  be  made 
very  clear.  Anthropology  has  never  succeeded  in 
finding  structural  modifications  in  the  human  bod}" 
which  would  at  all  adequately  account  for  the  great 
superiority  of  highly  developed  races  over  the  more 
primitive  tribes  of  mankind.  Even  the  explanation  of 
the  crucial  development  by  which  man  became  dif- 
ferentiated from  the  animals  is  one  of  the  obscure  parts 
of  anthropology.  It  cannot  be  denied  that  the  ex- 
planation of  all  these  matters  must  be  sought  in  terms 
which  refer  to  the  development  of  intelligence,  es- 
pecially the  development  of  language  and  the  ase  of 
tools,  as  has  been  indicated  in  an  earlier  discussion. 
The  problem  of  anthroj^ology  is  thus  distinguished  from 
the  purely  biological  problem,  where  intelligence  is  not 
recognized  as  playing  any  part.  How  could  a certain 
group  of  animals  suddenly  break  away  from  the  estab- 
lished type  of  evolution  in  which  changes  in  structures 
played  a large  part,  and  become  animals  characterized 
by  intelligence,  meeting  the  emergencies  of  their  lives 
by  a mental  adaptation  of  themselves,  rather  than  by  a 
purely  physical  adaptation  ? Why  should  this  group  of 
animals  turn  to  the  development  of  all  the  instruments 
of  civilization  ? The  problem  stated  in  this  form  be- 
comes a problem  of  functional  development,  rather  than 
a problem  of  physical  development.  This  animal  must 
have  been  driven  at  some  time  into  a situation  where 
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his  development  turned  upon  his  ability  to  adoj)t  a new 
type  of  behavior  and  a new  mode  of  life.  There  can  be  ment  is  rie- 
no  doubt  that  the  scientific  explanation  of  the  breach  Cpon  Ui- 
between  man  and  the  animals  depends  upon  the  recog-  teiHgcnce. 
nition  of  a transformation  in  the  mode  of  behavior  and 
mental  life,  rather  than  upon  any  fact  of  gross  bodily 
change.  Put  in  another  way,  the  statement  may  be 
made  that  we  need  no  animal  form  to  serve  as  a con- 
necting link  between  man  and  the  animals.  The  com- 
mon structure,  the  common  physical  needs  of  man  and 
the  animals,  are  now  made  out  so  fully  that  what 
science  requires  is  an  explanation  of  the  gap,  rather 
than  the  link,  between  man  and  the  animals.  The 
doctrine  of  biological  evolution  has  successfully  estab- 
lished the  principle  of  continuity.  It  remains  for 
genetic  psychology  to  exj)lain  the  discontinuity  which 
appears  when  intelligence  begins  to  dominate,  when 
sensory-motor  adjustments  of  the  reflex  and  instinctive 
type  give  place  to  habit  acquired  through  individual 
intelligence  and  to  the  more  elaborate  forms  of  thought. 

An  interesting  hypothesis  has  been  suggested  by  a Anhy- 
recent  writer  which  will  illustrate  the  possibility  of  exp^iTthe 
assuming  a distinctly  functional  attitude  toward  the 
question  of  the  development  of  man.  This  writer  holds  and  the 
that  the  gradual  changes  in  physical  organization  which  ®- 
characterize  all  of  the  different  species  of  primates,  lead 
up  to  the  development  of  man  only  because  at  one  time 
a number  of  these  primates  were  forced,  probably 
by  the  emergencies  of  a glacial  climate  in  certain 
quarters  in  which  they  were  confined,  to  adopt  a mode 
of  life  which  brought  them  down  out  of  the  trees  and 
forced  upon  them  certain  types  of  activity  which  led 
to  their  construction  of  artificial  shelters  and  to  the 
preparation  of  forms  of  food  which  had  not  been  pre- 
viously utilized  by  their  race.  The  change  here  as- 
sumed depends  on  the  rise  of  a powerful  motive  for 
action  in  new  ways  in  response  to  pressing  forms  of 
sensory  stimulation.  Whatever  change  there  was  in 
the  individual  consisted  in  the  opening  of  new  paths 
in  the  central  nervous  system.  This  change  in  the 
type  of  development,  when  once  it  appeared,  was  so 
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iniporliiiit,  that  the  further  history'  of  the  group  of 
animals  which  succeeded  in  effecting  it  was  in  the  di- 
rection of  adaptation  through  intelligence  and  nervous 
organizatifin,  rather  than  through  gross  changes  in 
bodily  structures.  Whether  we  give  any  credence 
to  this  hypothesis  or  not,  it  expresses  atiniirably  the 
functional  attitude  in  the  explanation  of  human  develop- 
ment. It  expresses  clearly  the  fact  that  the  nature  of 
mental  and  functional  adaptation  is  the  significant 
problem  for  anthropology,  rather  than  the  mere  search 
for  changes  in  physical  organization;  it  gives  to  an- 
thropology a definite  impetus  in  the  direction  of  the 
study  of  mental  organization,  as  distinguished  from 
the  study  of  external  somatic  structures  or  of  imsti- 
tutions  taken  up  in  a purely  historical  and  objective 
way. 

Another  illustration  from  a later  period  of  human 
development  which  will  also  emphasize  the  significance 
of  psychological  study  for  anthropology,  is  to  be  found 
in  Spencer’s  discussions,  in  which  he  calls  attention  to 
the  fact  that  the  growth  of  civilization  depends  upon  the 
broadening  of  the  individual’s  mental  horizon.  He 
points  out  the  fact  that  the  savage  who  had  interest 
in  only  a small  range  of  territory  and  the  present  en- 
joyment of  objects  immediately  about  him,  gradually 
developed  into  the  semicivilized  man  interested  in  a 
larger  territory,  a larger  number  of  individuals,  and  a 
longer  period  of  time.  The  mental  development  which 
made  it  possible  for  a people  to  foresee  future  needs  with 
sufficient  vividness  to  plant  crops  and  build  permanent 
dwellings,  was  an  achievement  conditioned  upon  the 
development  of  mental  life  as  much  as  upon  an}-  purely 
objective  conditions. 

These  various  illustrations  show  the  significance  of 
an  attitude  toward  social  phenomena,  in  which  the  laws 
of  mental  organization  and  behavior  are  treated  as  the 
underlying  structures  upon  which  the  descriptive  and 
historical  accounts  shall  be  coordinated.  Just  as  the 
zoological  and  biological  explanations  of  animal  life 
require  a careful  analysis  of  individual  habits  and  of 
the  structures  of  individuals  in  order  to  explain  the 


THE  APPLICATIONS  OF  PSYCHOLOGY  369 


various  types  of  adaptation,  so  the  explanation  of  hu- 
man society,  considered  as  an  interrelation  of  highly 
organized  individuals,  requires  that  there  shall  be  a 
full  account  of  the  nature  of  the  individuals  which  enter 
into  the  organization. 

Conspicuous  among  the  social  institutions  to  which 
psychology  may  be  applied  in  a direct  and  practical 
fashion  is  the  institution  of  education.  Here  again  is 
a type  of  adaptation  which  has  grown  in  an  unscientific 
way  to  a high  degree  of  maturitj^  This  statement  im- 
plies no  disposition  to  deny  the  effectiveness  of  many 
of  the  practices  of  educational  institutions.  They 
may  be  effective  without  being  scientific.  They  are  the 
outgrowth  of  a need  which  has  been  felt  by  every  gen- 
eration, and  the  educational  institutions  which  have 
been  developed  in  response  to  this  general  need  have 
been  refined  and  modified  in  view  of  experience,  until 
finally  they  express  with  a high  degree  of  perfection  the 
final  judgment  of  many  generations  upon  important 
questions  connected  with  the  training  of  the  younger 
generation.  Yet  there  are  obvious  reasons  why  these 
historical  institutions  should  be  reexamined.  Some 
of  the  natural  institutions  of  education  are  found  to  be 
wa.steful ; again,  the  educational  practices  of  different 
peoples  or  different  sections  of  the  same  nation  are 
found  to  be  inharmonious.  There  arises,  therefore,  a 
demand  for  aYareful  analysis  of  the  whole  situation  and 
the  establishment  of  those  practices  which  scientific 
analysis  can  justify.  It  is  true  that  many  hold  the  same 
attitude  with  regard  to  education  that  they  do  with 
regard  to  art ; namely,  that  it  is  safer  to  rely  upon  the 
intuitions  of  human  feeling  than  to  attempt  to  formu- 
late an  abstract  system  of  education.  Those  who 
adopt  this  position  with  regard  to  the  advantages  of 
intuition  in  education  have  justification  for  their  posi- 
tion, in  so  far  as  educational  practices  are  refined  to  a 
point  beyond  our  knowledge  of  the  laws  of  human 
development.  The  most  acceptable  plea  for  a scien- 
tific study  of  education  which  could  be  presented  to 
such  persons  would  consist  in  a plea  for  a more  com- 
plete knowledge  of  the  same  sort  which  they  have  in 
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their  native  intuition.s.  It  might  be  said,  for  example, 
that  the  study  of  educational  methods  involves  nothing 
more  than  the  bringing  together  of  the  individual  ex- 
perience and  practice  of  all  those  who  have  become 
skilled  in  educational  practice.  A comparative  study 
would  help  to  eliminate  those  individual  intuitions 
which  are  incorrect,  because  they  are  based  upon  too 
narrow  experience. 

The  final  examination  of  educational  practices  mast  go 
much  further,  however,  than  implied  in  this  appeal  for 
a comparative  study  of  intuitions.  Attention  mast  be 
called  to  the  fact  that  much  of  our  devotion  to  tradi- 
tional educational  practices  is  nothing  more  or  less  than 
a deliberate  confession  of  our  ignorance  of  the  way  in 
which  the  human  mind  develops.  When  a teacher  is 
confronted  by  children  who  are  unable  to  comprehend 
the  lesson  which  has  been  set,  he  very  commonly  can 
make  no  analysis  of  the  child’s  difficulty.  He  then 
covers  up  his  ignorance  of  the  step  which  should  be 
taken  to  complete  mental  development  by  requiring 
repeated  efforts  on  the  child’s  part,  until  in  some  un- 
known fashion  the  difficulties  are  mastered.  It  does 
not  follow  that  the  particular  difficulty  encountered  in 
any  given  case  would  have  been  recognizable  if  the 
teacher  had  made  a study  of  human  development  in 
other  individuals,  but  the  probability  that  the  trained 
teacher  would  be  able  to  make  a scientific  analysis  of 
the  difficult  situation  at  hand,  would  be  increased  if  he 
were  acquainted  with  the  principles  and  re.sults  of 
scientific  psychology.  Intuition  should,  therefore,  be 
supplemented  by  as  full  an  account  as  can  be  given 
of  the  way  in  which  mental  processes  go  on  and  of  the 
methods  by  which  these  processes  maj'  be  examined. 

One  of  the  most  vigorous  branches  of  current  psy- 
chology is  that  which  makes  a minute  and  careful 
study  of  all  of  those  mental  activities  which  appear 
in  the  developing  individual.  Many  of  the  methods 
of  such  invesHgations  are  crude,  and  the  results  un- 
formulated. There  are  man}'-  disputes  among  the 
workers  in  this  field  as  to  the  particular  conclusions 
which  can  be  reached  and  as  to  the  significance  of  their 
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individual  positions  on  educational  questions.  The 
student  who  becomes  acquainted  with  these  differences 
of  opinion  should  not  be  misled  by  the  present  lack 
of  complete  solutions  and  adopt  a pessimistic  attitude 
toward  the  applications  of  psychology  to  education. 
The  fact  is  that  criticism  and  counter-criticism  with 
regard  to  an  educational  principle  is  simply  an  exhi- 
bition of  the  scientific  spirit  which  will  ultimately  issue 
in  the  collection  of  sufficient  evidence  to  make  a clear 
and  rational  decision  possible. 

A few  illustrations  may  serve  to  make  clear  the  place 
and  value  of  the  psychological  study  of  educational 
problems.  First,  a number  of  investigations  have 
recently  been  undertaken  with  a view  to  defining  in 
detail  the  course  of  development  of  certain  habits. 
Broadly  stated,  the  conclusions  of  these  studies  show 
that  no  habit  develops  at  all  of  its  stages  at  a uniform 
rate.  There  is  at  the  outset  an  improvement  which  is 
relatively  very  rapid ; this  is  followed  by  a period  of 
slow  development,  which  in  tui’n  gives  way  to  succes- 
sive periods  of  rapid  growth. 

One  of  the  earlest  investigations  of  the  way  in  which 
an  individual  learns  may  be  described  in  detail.  This 
investigation  was  undertaken  to  determine  the  rate 
at  which  a learner  acquired  the  ability  to  send  and 
receive  telegraphic  messages.  The  selection  of  this 
particular  case  for  the  test  was  due  to  the  ease  with 
which  measurements  of  proficiency  could  be  made, 
and  to  the  maturity  of  the  persons  investigated,  which 
made  it  eas)'^  to  subject  them  to  a series  of  tests.  In 
Fig.  55  the  results  of  the  investigation  are  represented 
in  a curve.  Along  the  top  of  the  figure  are  marked 
the  successive  weeks  during  which  the  investigation 
was  carried  on;  along  the  vertical  line  at  the  left  the 
number  of  letters  which  could  be  received  or  sent  in  a 
minute.  A single  point  on  the  curve  represents,  ac- 
cordingly, both  a stage  in  the  practice  series  and  the 
number  of  letters  which  could  be  received  or  sent 
during  a minute  at  this  stage  of  development.  The 
curves  taken  in  their  entirety  represent  the  gradual 
increase  in  the  ability  of  the  subject.  It  will  be  noticed, 
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in  the  first  place,  that  the  improvement  in  sending  and 
in  receiving  messages  followed  an  entirely  different  law, 
both  with  reference  to  rate  of  improvement  and  also 
with  reference  to  the  successive  stages  of  development. 
Concentrating  attention  for  the  moment  upon  the  curve 
which  records  improvement  in  receiving,  we  see  that 


Fig.  55.  Show.s  the  curves  for  sending  and  recei\dng  telegraphic 
messages.  The  curve  is  published  by  Bryan  and  Harter.  The 
number  of  weeks  of  practice  is  indicated  in  the  upper  part  of  the 
figure.  The  number  of  letters  which  can  be  received  and  sent 
in  a minute  is  represented  in  the  vertical.  For  further  dis- 
cussion, see  text. 


the  development  is  at  first  rapid  and  then  for  a long 
time  practically  stationar3^  After  the  stationary"  pe- 
riod, or  plateau  as  the  authors  called  this  part  of  the 
figure,  came  a second  rapid  rise  in  the  curve. 

Signifi-  In  Fig.  56  a second  curve  of  the  same  sort  is  shown, 

“plateau”  which  makes  it  possible  to  explain  the  pause  or  plateau 
rnenT'®'”^  in  development.  The  lowest  curve  in  this  second 
diagram  represents  the  development  of  proficiency"  in 
recognizing  isolated  letters.  The  second  curve  repre- 
sents the  development  of  proficiency  in  receiving 
isolated  words  which  did  not  unite  into  sentences,  and 
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the  full  curve  represents,  as  before,  the  development  of 
efficiency  in  receiving  words  which  constituted  sentences. 
It  will  be  noticed  that  the  ability  to  receive  isolated 
letters  and  the  ability  to  received  isolated  words 
developed  rapidly  for  a time,  until  they  reached  their 
maxima,  and  then  they  continued  indefinitely  at  the 


Fig.  66.  This  figure  is  similar  to  Fig.  55.  For  further  discussion,  see 

text. 

same  level.  This  level  is  so  related  to  the  plateau 
in  the  total  curve  that  the  plateau  can  safely  be  defined 
as  the  period  during  which  the  subject  was  in  the  word 
stage  of  development,  rather  than  in  the  sentence  stage. 
Only  after  the  ability  to  receive  single  words  had  been 
thoroughly  matured  was  a new  type  of  development 
possible.  The  new  type  of  development,  as  shown  in 
the  second  rapid  rise  in  the  curve,  was  built  upon 
material  acquired  before  the  plateau  and  assimilated 
during  that  stationary  period. 

Such  an  analysis  as  this  of  a habit  of  learning 
shows  much  with  regard  to  the  psychological  character 
of  the  process.  It  also  suggests  the  possibility  of 
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including  the  process  of  mental  development  under 
certain  broad  laws  of  development.  There  are  many 
analogous  cases  in  general  evolution  where  it  has 
been  noted  again  and  again  that  periods  of  rapid 
development  are  followed  by  long  periods  of  assimila- 
tion. It  is  a well-known  fact  of  Ixjdily  growth  that 
the  enlargement  of  the  body  is  most  marked  at  certain 
periods  in  the  year  and  at  certain  well-defined  periods 
in  the  child’s  life.  After  one  of  the  sudden  enlarge- 
ments of  the  body,  there  follows  a period  of  gradual 
assimilation  of  the  new  developments,  during  which 
the  body  remains  stationary  in  its  size  for  a consider- 
able time.  The  facts  of  organic  evolution  on  a larger 
scale  are  of  the  same  type.  During  certain  periods 
the  animal  kingdom  has  advanced  rapidly  by  the 
production  of  new  forms,  after  which  long  stationary 
periods  appear,  during  which  these  new  forms  are 
more  completely  adjusted  to  their  environment  with- 
out being  in  any  important  sense  modified.  Such 
statements  as  these  make  clear  the  distinction  be- 
tween assimilation  and  acquisition  in  both  the  ph}'^sical 
and  mental  worlds. 

The  fact  that  certain  forms  of  mental  development 
are  periodic  rather  than  continuous  is  illustrated  in 
many  cases  where  quantitative  tests  have  not  been 
made.  It  has  often  been  casually  observed  that 
a mature  subject  learns  a foreign  language,  not  with 
uniform  rapidity,  but  in  a way  analogous  to  that 
shown  in  the  curves  given  above.  At  first  there  is 
rapid  acquisition  of  the  words  and  grammatical 
constructions  of  the  new  language,  but  after  a time 
the  power  to  acquire  new  phases  of  the  language 
seems  to  be  brought  to  a standstill,  and  the  period 
of  discouragement  which  follows  is  often  felt  by 
the  learner  to  be  a period  of  no  development,  wliile 
in  reality  it  is  a period  of  assimilation  and  prepara- 
tion for  the  later  stages  of  growth.  When  the  later 
development  into  the  full  use  of  the  language  conies, 
it  is  so  sudden  and  striking  in  its  character  that  it 
has  been  noted  time  and  time  again  as  a period  of 
astonishing  mental  achievement. 
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Many  habits  of  action  exhibit  the  same  type  of 
intermittent  development.  If  one  learns  some  manual 
art,  he  finds  that  the  incoordinations  with  which 
he  begins  are  only  gradually  eliminated,  but  finally 
he  learns  the  combination  which  is  advantageous 
and  from  that  point  on  the  improvement  seems  for 
a time  to  be  very  rapid.  It  is  sometimes  advantageous 
in  a course  of  training  to  give  up  practice  for  a time 
in  order  that  the  various  elements  of  the  coordina- 
tion may  have  an  opportunity  to  readjust  themselves 
and  in  order  that  the  new  efforts  at  development 
may  begin  at  a new  level.  Professor  James  has 
made  the  striking  remark  that  we  learn  to  skate 
during  the  summer  and  to  swim  during  the  winter. 
The  significance  of  this  observation  is  that  it  recognizes 
the  intermittent  character  of  the  development  of 
habit  and  the  advantage  of  a period  of  assimilation, 
sometimes  even  of  a period  of  complete  cessation 
of  the  activity  in  question. 

From  the  point  of  view  of  practical  education,  it 
is  obvious  that  the  types  of  training  which  should 
be  given  at  the  different  periods  in  mental  develop- 
ment are  by  no  means  the  same.  During  a period 
of  rapid  acquirement  of  new  material,  one  sort  of 
training  is  appropriate;  during  a period  of  delayed 
assimilation,  that  form  of  training  is  most  appropriate 
which  is  technically  known  in  the  schools  as  drill. 
The  ordinary  unscientific  education  has  recognized 
vaguely  that  there  is  a difference  in  the  kinds  of 
training  demanded  at  different  times,  but  the  ad- 
justment of  these  different  types  of  training  to  the 
demands  of  individual  mental  development  is  an 
intricate  problem  which  can  be  worked  out  fully 
and  satisfactorily  only  when  a careful  study  is  made 
of  the  individual  development  as  well  as  of  the  general 
requirements  of  educational  practice. 

The  value  of  scientific  studies  of  habits  and  of 
forms  of  training  is  shown  by  such  considerations 
as  the  foregoing.  It  also  becomes  evident  that  such 
studies  do  not  neces.sarily  change  the  subjects  of 
instruction  nor  even  the  general  methods  established 
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by  tradition,  but  serve  rather  to  refine  our  knowledge 
of  the  process  of  mental  growth  and  make  it  possible 
for  us  to  deal  with  different  stages  of  the  educational 
process  with  much  greater  precision.  To  justify 
scientific  investigations  which  seem  at  first  sight 
remote  from  school  problems,  it  may  be  well  to  point 
out  that  the  solution  of  one  problem  in  mental  develop- 
ment makes  it  possible  to  attack  all  other  problems 
of  a similar  kind  more  intelligently.  If  one  knows 
with  scientific  precision  that  a period  of  a.s,similation 
occurs  in  one  case  of  mental  development,  he  will 
be  better  prepared  to  discover  and  undenstand  a simi- 
lar period  in  other  cases  where  it  may  be  less  easy 
to  make  an  e.xact  scientific  study.  For  example, 
we  can  understand,  in  the  light  of  the  telegraphic 
study,  the  nature  of  the  transition  which  comes  in 
the  child’s  life  when  he  passes  from  the  reading  of 
single  words  to  the  reading  of  full  sentences.  The 
mastery  of  the  word  elements  in  ordinary  reading 
is  similar  to  the  mastery  of  the.se  same  elements  in 
the  case  of  the  telegrapher. 

Another  concrete  illustration  of  educational  prog- 
ress may  be  found  in  the  fact  that  there  is  a general 
disposition  among  educators  to-day  to  recognize 
the  importance  and  value  of  expressive  activities 
in  all  educational  processes.  The  early  t}^pe  of  educa- 
tion was  that  in  which  sensation  processes  were  em- 
phasized almost  to  the  exclusion  of  activities.  Whether 
the  educational  practice  which  emphasized  impres- 
sions can  be  attributed  to  the  sensation  psychology 
which  was  contemporary  with  it,  or  whether  the 
sensation  psychology  was  the  outgrowth  of  a false 
educational  theory,  is  a question  which  need  not 
be  discussed  here.  Certain  it  is  that  the  limited 
view  of  mental  life  and  the  false  principle  of  education, 
both  of  which  emphasized  impressions  rather  than 
expression,  existed  for  a long  period  side  by  side. 
It  may  have  been  the  growing  experience  of  practical 
teachers  which  led  to  the  discovery  of  the  fallacy  in 
the  doctrine  that  mind  is  conditioned  primarily  by 
impressions.  It  may  have  been  the  insight  of  scientific 
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students  which  gradually  made  it  clear  that  human 
activity  must  always  be  recognized  in  discussing 
the  processes  of  mental  development;  or  it  may  be 
that  the  two  lines  of  thought  and  practice  grew  up 
together.  In  any  case,  it  is  certain  that  a transfor- 
mation of  educational  practice  and  a corresponding 
transformation  of  psychology  have  been  going  on 
for  a generation,  until  now  we  have  scientific  principles 
and  educational  practices  which  look  toward  the  em- 
phasis of  e.xpressive  organizations. 

Turning  from  these  practical  applications  of  psychol- 
ogy to  education,  it  remains  for  us  to  discuss  one  of 
the  applications  of  psychology  which  has  always 
been  recognized  in  the  historical  development  of 
this  science;  namely,  the  relation  of  psychology  to 
the  philosophical  disciplines.  Indeed,  it  may  be 
said  that  ])sychology  was  not  only  applied  to  the 
problems  of  philosophy;  it  was  originally  devoted 
to  the  discmssion  of  these  problems  to  such  an  extent 
that  it  was  regarded  as  an  integral  part  of  philosophy, 
not  as  an  independent  science.  Philosophy  deals 
with  the  ultimate  nature  of  matter  and  mind,  with 
the  fundamental  laws  of  reality  and  the  relation  of 
reality  to  human  e.xperience,  with  the  ultimate  nature 
of  truth,  goodness,  and  beauty.  There  have  been  times, 
for  example,  during  the  mediaeval  period,  when  the 
interest  in  such  ultimate  problems  ran  so  high  that 
there  was  little  or  no  attention  given  to  the  special 
problems  of  science.  The  time  came,  however,  with 
the  development  of  modern  thought  when  these 
larger  problems  receded  into  the  background  and 
men  began  to  concern  themselves  with  the  phenom- 
ena in  the  world  rather  than  with  the  ultimate 
realities  underl}dng  these  phenomena.  It  is  charac- 
teristic of  the  present  scientific  period  that  the  special 
sciences  neglect  to  as  great  an  extent  as  possible 
the  questions  of  ultimate  reality.  The  student  of 
psychology  participates  to  a very  large  extent  in 
this  tendency  to  omit  from  his  discussion  questions 
relating  to  the  ultimate  nature  of  mind.  He  can- 
not, however,  accept  as  final  this  aloofness  from  the 
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broader  questions,  for  he  finds  himself,  more  than 
his  neighbor  who  deals  exclusively  with  the  natural 
sciences,  led  to  ultimate  problems. 

When,  for  example,  one  points  out  that  a sensation 
is  related  to  a fact  of  external  energy  indirectly  through 
the  organs  of  sense,  or  when  one  points  out  that  space 
is  a definite  form  of  perception  on  the  one  liand,  and 
of  arrangement  of  objects  on  the  other,  the  p.sycholo- 
gist  is  driven  to  consider  the  relation  between  con- 
sciousness and  the  external  world  more  than  the 
student  of  the  other  particular  sciences.  The  student 
of  natural  science  uses  in  every  act  of  okservation 
the  relation  between  subjective  experience  and  the 
physical  world;  he  exerci.ses  his  mind  in  trying  to 
know  the  world,  but  his  interests  are  always  centered 
on  the  relations  between  tilings,  never  on  the  relation 
between  things  and  consciousness.  Hence  the  student 
of  natural  science  easily  avoids  questions  relating 
to  the  ultimate  interaction  between  him.self  and 
the  physical  world.  The  student  of  psj'^chology  can- 
not escape  these  questions.  His  study  of  sensation 
grows  out  of  the  examination  of  this  relation.  Further- 
more, when  the  student  of  psychology  finds  that 
the  construction  of  concepts  is  an  elaborate  mental 
activity  which  depends  upon  certain  forms  of  active 
organization  of  contents  derived  through  perception, 
he  is  immediately  led  to  ask,  not  only  what  are  the 
laws  which  control  such  conceptual  actiidtj’^,  but 
also  what  are  the  relations  of  mental  actiidty  to 
external  reality,  and  what  are  the  laws  which  deter- 
mine the  validity  or  lack  of  validity  of  these  concepts. 
It  is  true  that  psychology  cannot  answer  all  of  these 
questions,  and  it  has  been  our  purpose  in  the  fore- 
going discussions  to  adhere  as  closely  as  possible  to 
the  sphere  of  strict  psychological  inquiry,  postponing 
these  ultimate  questions  or  entirely  omitting  them. 
It  is,  therefore,  very  appropriate  that  we  should 
call  attention  at  the  end  of  our  inquir}"  to  the  dis- 
ciplines which  deal  with  these  more  elaborate  inquiries, 
and  that  we  should  define  the  relation  of  psychology 
as  introductory  to  these  broader  disciplines. 
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One  of  the  branches  of  philosophical  inquiry  most 
closely  related  to  psychology  is  logic.  Logic  deals, 
as  was  pointed  out  in  the  chapter  on  the  formation 
of  concepts,  with  the  different  forms  of  thought  and 
the  laws  of  their  validity.  The  discussions  of  thought 
processes  must  always  include  some  account  of  the 
nature  of  these  processes.  The  complete  description  of 
logical  processes  depends  upon  the  development  of  psy- 
chology. This  statement  can  be  verified  by  reference 
to  the  history  of  logic.  Aristotle  indeed  defined  with 
great  precision  the  fundamental  principles  of  deductive 
reasoning,  as  he  found  them  exhibited  in  the  modes  of 
thought  of  the  best  thinkers  of  his  time.  We  have 
never,  on  the  other  hand,  succeeded  in  getting  a full 
and  satisfactory  account  of  the  processes  of  reasoning 
employed  in  modern  science,  because  these  processes  are 
immensely  more  intricate  than  those  which  Aristotle 
selected  and  discussed  in  his  treatment  of  deduction. 

The  complexities  of  modern  reasoning  will  never  be 
fully  accounted  for  until  a complete  psychological 
analysis  is  carried  out.  The  psychological  analysis  is 
not  absolutely  necessary  for  intelligent  criticism  of  the 
validity  of  reasoning  processes,  for  reasoning  may  be 
tested  by  its  consequences.  Many  systems  of  logic  have 
been  worked  out  by  thus  testing  the  various  possible 
combinations  of  thought,  neglecting  entirely  the  analy- 
sis of  the  mental  processes  involved.  Such  practical 
systems  of  logic  should,  however,  be  supplemented  by 
explanatory  psychological  treatments  of  thought  pro- 
cesses. Our  treatment  of  concepts  and  judgment 
shows  the  direction  in  which  study  is  to  be  directed  if 
we  are  to  attain  a complete  logic  based  upon  the  thor- 
ough scientific  explanation  of  mental  processes. 

The  same  line  of  discussion  may  be  followed  in  Psychology 
describing  the  relation  between  psychology  and 
aesthetics.  In  earlier  chapters  reference  has  been 
made  repeatedly  to  the  underlying  principles  which 
control  the  recognition  of  symmetry  and  regularity 
of  form,  and  it  was  there  pointed  out  that  the  canons 
of  architecture  and  painting  are  directly  related  to 
certain  fundamental  principles  of  human  feeling 
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and  recognition.  There  still  remain  a large  number 
of  special  analyses  and  special  considerations  which 
must  be  worked  out  in  order  to  define  fully  the  canons 
of  taste  in  each  field  of  art  and  the  general  canons 
of  taste  which  underlie  all  forms  of  art.  Such  con- 
siderations of  the  canons  of  art  constitute  a legitimate 
development  of  the  general  p.sychological  studies 
which  have  been  suggested,  and  constitute  the  special 
discipline  of  a;sthetics. 

p.sychoio(ry  When  we  turn  to  the  third  of  the  special  philo- 

and  ethics.  gQphjcal  disciplines,  namely,  ethics,  we  find  again  a 
natural  relation  to  psychology,  though  it  is  perhaps 
proper  to  empha.size  here  more  than  in  the  case  of 
logic  or  aesthetics  the  independence  of  ethical  canons 
from  purely  subjective  organizations.  The  rightne.ss 
or  wrongness  of  human  behavior  is  not  understood 
primarily  through  an  analysis  of  the  proce.s.ses  of 
behavior  themselves.  The  rightness  or  wrongness  of 
behavior  depends  upon  certain  broad  considerations 
involving  the  social  interrelationships  of  the  active 
individual.  It  is  necessary,  therefore,  to  make  a study 
of  the  extra-mental  or  social  relations  of  the  indi\ddual 
in  order  to  establish  the  canons  of  ethical  conduct. 
One  does  not  need  to  discuss  the  extra-mental  relations 
to  anything  like  the  same  extent  when  he  attempts 
to  define  the  laws  of  reasoning  in  logic  or  the  laws 
of  appreciation  in  aesthetics.  It  is  true  that  the  in- 
dividual’s modes  of  behavior,  as  they  have  been 
worked  out  in  the  course  of  social  life,  come  to  embody 
much  of  the  social  interrelationship  which  determines 
their  ethical  validity.  The  indi\fidual  who  has  grown 
up  in  a social  group  ultimately  conforms  in  his  modes 
of  thought  and  internal  organization  to  those  social 
demands  which  are  imposed  upon  him  by  the  com- 
munity in  which  he  lives.  It  is  probably  true,  there- 
fore, that  in  the  last  analysis  the  fundamental  truths 
of  ethics  are  expressed  in  the  internal  organization  of 
the  individual  as  well  as  in  the  forms  which  are  ap- 
proved under  the  canons  of  social  life,  but  the  de- 
velopment of  ethical  laws  lies  somewhat  beyond  the 
application  of  psychology.  We  come  to  ethics  cluefly 
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through  the  study  of  the  applications  of  psychology 
to  the  sciences  of  social  institutions. 

When  we  turn  from  the  special  philosophical  dis- 
ciplines to  the  broader  field  of  metaphysics,  or  the 
general  theory  of  reality,  we  find  again  that  the  rela- 
tion of  psychology  to  these  broader  types  of  con- 
sideration is  relatively  indirect.  Metaphysics  takes 
up  the  results  of  natural  science  which  deals  with 
matter  and  of  psychological  science  which  deals 
with  consciousness,  and  attempts  to  formulate  some 
general  principles  of  the  relations  between  all  forms 
of  reality.  To  this  general  discussion  psychology 
cannot  contribute  final  answers  any  more  than  could 
the  special  sciences  of  physics  or  chemistry.  Psy- 
chology can  only  present  its  conclusions  after  it  has 
carried  out  as  complete  an  analysis  of  consciousness 
as  possible,  and  must  leave  it  for  metaphysics  to 
make  an  ultimate  comparison  of  these  facts  with 
the  physical  facts.  The  student  who  finds  that  an 
empirical  analysis  of  consciousness  conflicts  with 
any  of  the  established  views  which  constitute  a part 
of  his  general  theory  of  the  world,  should  recognize 
that  it  is  not  the  function  of  any  single  science  to 
reconstruct  his  total  theory  of  the  world.  He  will 
have  to  accept  the  results  of  empirical  analysis  in  all 
the  different  spheres  of  exact  research  and  work  out  a 
general  view  which  will  include  all  of  these  results. 
The  conclusions  of  psychology  need  to  be  generalized 
exactly  as  do  the  conclusions  of  physics  and  chemistry. 
No  generalization  will  be  finally  valid  which  does 
not  comprehend  the  empirical  analysis  of  each  one  of 
these  sciences.  Furthermore,  it  should  not  be  forgot- 
ten that  there  are  many  types  of  consideration  which 
forced  themselves  upon  human  attention  long  before 
the  various  forms  of  scientific  analysis  could  be  worked 
out,  and  these  considerations  must  also  be  recognized 
in  the  construction  of  a broad  philosophy  of  life.  That 
the  generalizations  which  were  reached  before  the  de- 
velopment of  the  special  sciences,  should  require  re- 
vision in  order  to  include  the  results  of  these  sciences, 
need  not  disturb  the  mind  of  any  student,  and  need 
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not  lead  him  to  ignore  many  non-scientific  types 
of  experience.  The  training  in  scientific  inference 
which  he  has  received  in  the  study  of  empirical  psy- 
chology should  lead  him  to  recognize  that  all  generali- 
zations are  subjective  constructs  built  up  from  a great 
variety  of  experiences,  many  of  which  are  super- 
ficially in  disagreement  with  each  other.  The  sub- 
jective construct  is  not  to  be  discarded  as  invalid, 
because  it  changes  with  the  acquisition  of  new  knowl- 
edge; one’s  theory  of  the  world  must  change  in 
order  to  fulfill  its  function  as  a complete,  organized 
expression  of  the  manifold  experiences  which  enter 
into  life.’  Psychology,  more  than  any  other  science, 
should  lead  to  a recognition  of  this  demand  for  a con- 
stantly progressing  enlargement  of  philosophic  view. 
While,  therefore,  modern  psychology  as  a science  has 
freed  itself  from  the  obligation  of  dealing  with  the 
broad  philosophical  questions,  it  continues,  when 
rightly  understood,  not  only  to  contribute  material  for 
philosophic  thought,  but  also  to  urge  the  student  to 
the  rational  reconstruction  of  his  general  abstract 
views.  It  is,  therefore,  introductory,  not  merely  to 
the  special  philosophical  disciplines,  but  also  to  the 
more  remote  discussions  of  metaphysics  itself. 


INDEX 


Abstraction,  271. 

Accommodation,  86. 

Activity,  183 ; and  harmony,  210 ; 
perceptual,  321. 

Adaptation,  indirect,  254. 

Aerial  perspective,  162. 

..Esthetic  appreciation,  203. 

^Esthetics,  299  ; and  psychology, 
379. 

After-images,  96,  115. 

Alcohol,  344. 

American  Crowbar  Case,  58. 

.Amphibian  brain,  32. 

.Amplitude,  79,  104. 

Anaesthesia  in  hypnosis,  348. 

.Analysis,  scientific,  293. 

.Analytical  psychology,  v. 

Angler,  R.  P.,  vi. 

Animal  language,  251. 

Aphasia,  56. 

.Apphcations  of  psychology,  357. 

Aqueous  humor,  87. 

Architecture,  359. 

Arithmetic,  263. 

Armstrong,  A.  C.,  vi. 

Art,  229,  357. 

Articulation,  selection  of,  252. 

Association  area,  30,  54  ; frontal, 
58 ; and  consciousness,  244. 

Association  by  contiguity,  234 ; 
by  contrast,  235 ; by  simi- 
larity, 235. 

Association  centers,  29,  52,  53. 

Association  fibers,  48. 

Association  processes,  29,  71, 

296. 

Attention,  18fi,  323  ; animal,  192, 
325 ; and  consciousness,  190 ; 
elements  of,  191 ; and  feeling, 
202 ; general  in  man,  192  ; and 
language,  192;  and  movement, 
190;  training  of,  191. 


Atom,  concept  of,  282. 

Attitudes,  68,  134,  297  ; personal, 
307  ; and  training,  240. 

Auditory  sensations,  103. 

Auditory  space,  144. 

Axis  cylinder,  37. 

.Axone,  37. 

Basilar  membrane.  111. 

Beats,  113. 

Behavior,  8,  71  ; acquired,  29, 
33 ; animal,  244 ; comparative 
study,  31  ; human,  244 ; of 
insect,  24 ; and  memory,  238 ; 
nervous  conditions,  26 ; sim- 
plest, 17 ; summary,  34 ; of 
unicellular  animals,  16. 

Belief,  298. 

Berkeley,  156,  157. 

Bilateral  nervous  structures,  44. 

Binocular,  parallax,  159 ; vision, 
157. 

Biology,  vi,  3. 

Bird  brain,  32. 

Black,  75 ; black-gray-white,  75. 

Blind  alphabet,  141. 

Blind-spot,  11. 

Brightness,  77. 

Broca,  52,  56. 

Bryan,  372. 

Cajal,  39,  41,  46,  50. 

Cameron,  E.  H.,  vi. 

Cells,  bipolar,  40 ; central,  22 ; 
contractile,  20 ; description  of, 
15;  olfactory,  118 ; neural,  20; 
sensory,  22 ; speciahzed,  19 ; 
taste,  120. 

Central  cells,  20,  22. 

Centralized  nervous  system,  23. 

Cerebellum,  27,  45. 

Cerebral  localization,  52,  53. 
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Ccrobriim,  27,  40;  importance  of, 
30. 

Clicmical  Rcnsc,  125. 

Child’s  self-consciousness,  302. 

Chinese  writing,  2.58. 

Choice,  317. 

Choroid  coat,  87. 

Circulatory  movements,  18.5. 

Classification,  methods  of,  0.5 ; 
sensations,  74 ; twofold  sys- 
tem, 00 ; threefold  system,  06. 

Cochlea,  109. 

Cold  spots,  123. 

Colors,  75. 

Color-blindness,  89,  90. 

Color,  circle,  77 ; contrasts,  97 ; 
mixing,  93,  95 ; mixtures,  77 ; 
qualities,  76 ; saturation,  77 ; 
theory,  76.;  vision,  theories  of, 
98. 

Commissural  fibers,  48. 

Comparative  study  of  brains,  30. 

Comparison,  scientific,  293. 

Complex  vibrations,  79. 

Conception  and  imagination,  285. 

Concepts,  274,  292  ; development 
of,  285 ; illustrations,  282 ; 
in  judgments,  286 ; matter, 
315;  religious,  308;  self,  315; 
theological,  308 ; validity  of, 
278 ; value  of,  284. 

Conduct,  71 ; and  attention,  326. 

Cones,  88. 

Conn,  83. 

Consciousness,  abnormal,  72  ; and 
attention,  190 ; and  circulatory 
movements,  185  ; conditions  of, 
15,  61 ; definition,  13 ; general 
analysis,  64 ; and  habit,  229  ; 
higher  forms,  70 ; and  move- 
ment, 183 ; and  nervous  sys- 
tem, 60;  objective  conditions, 
59  ; primitive  forms,  33  ; rela- 
tional, 271  ; theories  of,  62 ; 
and  volition,  61. 

Contractility  and  irritability,  18. 

Contrast  illusions,  150. 

Coordination,  muscular,  46  ; the- 
ory, 164. 

Copula,  286. 

Cord,  spinal,  36. 


Cornea,  87. 

f>jrtex,  40;  cerebral,  47,  .50,  .51. 

Criticism  of  imaginations,  270 ; 
literary,  280. 

Crystalline  lens,  8.5. 

Czermak,  100. 

Deduction,  291. 

Deliberation,  323,  327. 

Delirium,  353. 

Dendrittas,  .30,  39. 

Depth,  104. 

Development,  and  activity,  322 ; 
of  perception,  1.39. 

Difference-tones,  1 1 .3. 

Differentiation  of  touch,  123. 

Diffusion,  219 ; in  adult  writing, 
226. 

Disease,  345. 

Dis.sociation,  3.37. 

Distance  perception,  auditory, 
147 ; visual,  154. 

Dreams,  342. 

Drugs,  344. 

Ear,  evolution  of,  10.5. 

Ebbinghaus,  114. 

Edingcr,  32,  48,  49,  51. 

Education,  369. 

Element,  definition  of,  132. 

Elementarj’^  experience,  132. 

Emotions,  298. 

Essa5’’  toward  a new  theory  of 
vision,  157. 

Ether,  concept  of,  278. 

Ethics,  299 ; and  ps3'chologj-, 
380. 

Eustachian  tube,  107. 

Evolution,  3 ; of  ear,  105 ; of 
eye,  82  ; human,  367. 

Experience,  definition,  13 ; rela- 
tion to  light,  80. 

Experiment,  11,  293;  with  after- 
image, 154 ; ^ith  animals,  224 ; 
on  binocular  -\-ision,  165 ; with 
hand  movement,  186 ; limits 
of,  7 ; with  names,  261  ; 
reaction,  333 ; with  sounds, 
144,  146. 

Experimental  psychology,  5. 

Expression,  134,  182 ; and  Ian- 
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guage,  249 ; and  mental  life, 
376. 

Extensor  movements,  184. 

External  meatus,  105. 

Extirpation,  53. 

Eiye,  81 ; evolution  of,  82 ; 
human,  84;  movements,  166; 
movements  and  feelings,  203 ; 
socket,  84. 

Eyeball,  85. 

Fatigue,  339. 

Fechner,  130. 

Feeling,  66,  296,  362  ; and  action 
195;  and  attention,  202;  defi- 
nition of,  193 ; higher,  299 ; 
as  subjective,  202. 

Feeling-tone  and  sensation,  198. 

Fibers,  in  cerebrum,  48 ; nerve, 
37. 

Fish  brain,  32. 

Fleschig,  52. 

Flexor  movements,  184. 

Fovea  centralis,  88. 

Franklin,  Mrs.,  99. 

Frog’s  nervous  system,  27. 

Frontal  cerebral  area,  58. 

Function  of  sensations,  131. 

Functional  psychology,  v,  212. 

Functions,  animal,  15. 

Fusion,  134,  173 ; visual,  164. 

Gallon,  232,  242,  243. 

Ganglion,  40. 

Generalization,  284 ; psychologi- 
cal, 10;  scientific,  10. 

Genetic  method,  v,  74. 

Geometrical  perspective,  162. 

Golgi-Mazzoni  corpuscle,  127. 

Gossip,  265. 

Gravity,  concept  of,  283. 

Gray,  75. 

Gray  matter,  45. 

Greeff,  89. 

Greek,  column,  205 ; philosophy, 
281 ; psychology,  2. 

Habit,  175,  213 ; and  conscious- 
ness, 229 ; development  of, 
218 ; and  memory,  237. 

Habits,  216 ; in  animals,  224 ; 


and  instincts,  217;  study  of, 
371 ; undeveloped,  222. 

Hair,  127. 

Haller,  19,  21. 

Hallucinations,  337. 

Harmony,  1 15  ; and  activity,  210 ; 
of  motor  tendencies,  196 ; tonal, 
209. 

Harter,  372. 

Heat,  affects  behavior,  17;  spots, 
124. 

Helmholtz,  111. 

Herrick,  110,  112. 

Hodge,  339. 

Hydra,  19. 

Hyperoesthesia  and  hypnosis,  348. 

Hypnosis,  338,  345. 

Ideas,  231,  241,  366;  and  feel- 
ings, 297  ; flexibility  of,  274 ; 
in  hypnosis,  348 ; and  lan- 
guage, 253  ; and  memory,  247  ; 
and  mental  development,  245 ; 
physiological  conditions,  244 ; 
subjective  character,  242. 

Ideation  and  development,  331. 

Ideational,  area,  54  ; relations,  70. 

Illusion  of  weight,  206. 

Illusions,  337. 

Image  of  self,  312. 

Images  and  words,  272. 

Imagination,  274 ; and  concep- 
tion, 285  ; critical  tests,  276  ; 
definition  of,  275;  empirical 
test,  276 ; literary,  279 ; per- 
sonifying, 275 ; practical,  275 ; 
tests  by  consistency,  277 ; 
uncritical,  279. 

Imitation,  228,  250 ; theory  of 
language,  248. 

Impulse,  317,  320,  330. 

Impulses,  conflict  of,  326. 

Impression,  11. 

Incus,  108. 

Indirect  adaptation,  246;  idea- 
tional processes,  245. 

Individual  differences,  2,  306 ; 
in  memory,  232. 

Individual  and  social  relations, 
259. 

Individuation,  60. 
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Induction,  291  ; scientific,  294. 

Infancy,  33. 

Inlierited,  beliavior,  25,  29  ; patlis, 
25;  structures,  213. 

Insanity,  338,  333. 

Inscet,  nervous  system,  24. 

Instinct,  25,  213;  and  impulse, 
320. 

Inistincts,  214;  delayed,  215. 

Intelligence,  in  adaptation,  3 ; 
and  evolution,  366. 

Intensity  of  sensations,  128. 

Interjection  theory  of  language, 
249. 

Internal  meatus,  107. 

Interpretation,  11. 

Intervening  objects,  163. 

Intoxication,  344. 

Introduction,  1. 

Introspection,  5,  7,  14. 

Intuitions,  362. 

Involuntary,  hand  movement, 
186 ; movement,  318. 

Iris,  85. 

Irritability,  15 ; and  contractility, 
18. 

Jacob,  43. 

James,  vi,  195,  287,  305,  375. 

James-Lange  theory,  195. 

Jastrow,  187. 

Jennings,  17. 

Joint  sensations,  126. 

Judgments,  286,  292  ; affirmative, 
289  ; classes  of,  288  ; negative, 
289 ; particular,  289 ; uni- 
versal, 289. 

Kohlschiitter,  340. 

Knowledge,  66. 

Lange,  195. 

Language,  248 ; animal,  251  ; 
and  attention,  192 ; and  emo- 
tional expression,  249 ; and 
ideas,  253 ; imitation  theory, 
248  ; interjection  theory,  249  ; 
and  society,  264  ; special  crea- 
tion theory,  248. 

Learning,  58. 

Lens,  evolution  of,  83  ; of  eye,  87. 


Light,  alTects  behavior,  18;  con- 
trasts, 97  ; forms  of,  80 ; physi- 
cal, 78;  vibrations,  79. 

Literary  criticism,  280 ; inoagina- 
tion,  279;  studies,  361. 

Literature,  .36fJ. 

Localization,  auditory^  146;  cere- 
bral, 51  ; of  sounds,  144. 

Local  signs,  142. 

Loeb,  2.3. 

Logic,  295,  and  psychology,  379. 

Lotze,  142. 

Malleus,  107. 

Mammal  brain,  .32. 

Mania,  355. 

Matter,  315. 

Meaning  and  words,  9,  266. 

Mechanical  sen.se,  125. 

Medulla,  27. 

Medullary  sheath,  37. 

Melancholia,  3.54. 

Memory,  231 ; and  beha\dor,  238 ; 
definitions  of,  237 ; experi- 
ment, 6 ; factors,  69 ; and 
habit,  237 ; and  ideas,  241, 
274;  organic,  70;  training  of, 
233. 

Mental  imagery,  indi^•idual  varia- 
tions, 232. 

Metaphy'sics  and  psychology,  381. 

Method,  embryological,  54 ; ex- 
perimental, 5 ; genetic,  v,  74 ; 
objective,  7,  15. 

Missenian  corpuscles,  126. 

Monocular  vision,  158. 

Motives  for  psychological  studv, 
1-4. 

Motor,  area,  55 ; centers,  52,  53  ; 
organization,  195 ; process  de- 
scribed, 22 ; processes,  182  ; 
roots,  36,  40. 

Movements,  145 ; analysis  of, 
335;  and  development,  319; 
fusion  of,  223 ; in  hypnosis, 
351 ; perception  of,  179  ; selec- 
tion of,  223;  sensation,  145; 
in  sleep,  344 ; and  words,  269. 

Miiller-Lyer  illusion,  148. 

Multicellular  organisms,  18. 

Multiple  personalities,  349. 
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Muscle  sensations,  126,  142. 

Muscles  of  eye,  85. 

Mythology,  277. 

Nagel,  52. 

Nasal  cavity,  117. 

Natural  feelings,  200. 

Nerve  fiber,  37. 

Nervous,  development,  218;  or- 
ganization, 59  ; paths,  41  ; pro- 
cess, 20 ; processes  and  sensa- 
tions, 92  ; system,  7 ; system, 
evolution  of,15  ; system, human, 
36 ; systems,  summary,  34. 

Neural  cells,  19. 

Neurone,  36. 

Neurones,  development  of,  39 ; 
evolution  of,  39. 

Newton,  2,  3. 

Noise,  104. 

Number,  262;  forms,  243. 

Numerals,  Arabic,  263 ; Roman, 
263. 

Objective,  definition  of,  14 ; dis- 
crimination, 303;  space,  169. 

Objects,  unity  of,  172. 

Observation,  9. 

Occult  in  psychology,  1. 

Ocular  muscles,  85. 

Odors,  119,  173. 

Olfactory  cells,  118;  lobes,  27; 
organs,  117. 

Optic  lobes,  27 ; thalamus,  27. 

Optical  illusions,  148. 

Organ  of  Corti,  112. 

Organic,  memory,  70,  236 ; sen- 
sations, 126,  201. 

Organization,  nervous,  23,  28,  30, 
31,  59. 

Ossicles,  108. 

Overtones,  104. 

Pacinian  corpuscles,  126. 

Pain  spots,  124. 

Peduncular  fibers,  48. 

Perception,  68,  133  ; and  activity, 
206;  of  lines,  139;  of  quantity, 
262;  of  tactual  points,  138. 

Perceptual,  activity,  321  ; form.s, 
137;  forms,  objective,  180; 


fusion,  144,  174;  fusion  and 
activity,  174;  fusion,  charac- 
teristics of,  135  ; relations,  68 ; 
unity,  172. 

Periodicity  in  development,  374. 

Personal  attitudes,  193,  307. 

Personalities,  multiple,  349. 

Personality,  313. 

Personification,  275. 

Philosophical  criticism,  281. 

Philosophy,  377. 

Photographic  records  of  eye 
movements,  152. 

Phrenology,  57. 

Physical  facts,  definition  of,  14. 

Physical,  light,  78 ; science,  4, 
281  ; science  and  conscious- 
ness, 61 ; science  and  psychol- 
ogy, 2 ; sounds,  103. 

Physiological  psychology,  v. 

Pictographs,  255. 

Pigment  mixing,  96;  spots,  81. 

Pinna,  105. 

Pitch,  103. 

Play,  227. 

Pleasure,  196 ; and  organization, 
225. 

Poggendorff  illusion,  152. 

Post-hypnotic  effects,  352. 

Practice  and  illusions,  149. 

Preface,  v. 

Prescientific  ideas,  280. 

Present,  176. 

Pressure  spots,  124. 

Primitive  consciousness,  194,  201, 
214. 

Psychiatry,  12,  356. 

Psycliical  facts,  definition  of,  14. 

Psychological  concept  of  self,  309. 

Psychology,  abnormal,  7,  12 ; 

and  fflsthetics,  379  ; analytical, 
v;  definition  of,  1,  13;  and 
ethics,  380 ; experimental,  5, 
12 ; forms  of,  12 ; functional, 
V,  212;  and  logic,  295,  379; 
and  metaphysics,  381 ; and 
philosophy,  378 ; phy.siological, 
V,  12;  problem  of,  63,  314; 
scope  of,  12;  social,  12; 
structural,  v,  212. 

Purple,  94. 
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Qualities,  smell,  110;  sound,  103; 
taste,  120. 

Quantitative  determinations  of 
illu.sions,  149. 

Rate  of  vibrations,  70. 

Reaction  experiments,  333. 

Reasoning,  290,  292. 

Recall,  234. 

Recency  and  memory,  233. 

Recognition  and  memory,  239. 

Red-green  blindness,  91. 

Reflex,  acts,  28,  33 ; activity, 
320 ; arc,  43. 

Relation,  touch  and  vision,  140. 

Relations,  ideational,  70. 

Relativity,  124. 

Religious,  concept,  308;  self- 
consciousness,  307. 

Retention,  234. 

Retina,  88. 

Retinal  rivalry,  161. 

Retzius,  127. 

Rhythm,  178,  207. 

Rhythms  in  prose,  360 ; in  verse, 
361. 

Rods,  88. 

Ruffini,  127. 

Saccule,  108. 

Science  and  reasoning,  292. 

Scientific,  analysis,  64,  293 ; com- 
parison, 293. 

Sclerotic,  85. 

Scope  of  present,  176. 

Segmental  nervous  system,  24. 

Self,  315;  child’s,  302;  concept 
of,  300 ; development  of,  301 ; 
and  volition,  328. 

Self-consciousness,  300 ; rehgious. 
307. 

Selves,  305. 

Semicircular  canals,  108,  171 ; 
sensations,  142. 

Sensations,  68,  73 ; and  aesthetic 
appreciation,  203 ; auditory, 
103  ; conditions  of,  98 ; classi- 
fication, 74 ; and  conditions, 
101 ; and  feelings,  199 ; and 
feehng-tone,  198 ; functions, 
168;  intensities,  128;  and 


nervous  processes,  92;  as  ob- 
jective, 202;  qualities,  131; 
reflex,  321 ; relation  to  light, 
80;  of  smell,  116;  of  taste;, 
116;  of  touch,  122;  visual,  75. 

Sense,  organs,  81  ; perception, 
133. 

Sensory,  cells,  20,  22 ; centers, 
52,  .5.3 ; roots,  36,  40. 

Sensorj’-motor  processes,  21. 

Sentiments,  298. 

Shadows,  163. 

.Sheath,  medullar}',  37 ; Schwainn, 
37. 

.Size,  visual,  1.50,  154. 

Skepticism,  281. 

Sleep,  3.38. 

Smell,  116. 

Smith,  C.  H.,  vii. 

Social,  organization,  368;  sci- 
ences and  psychology,  364 ; 
unity,  264. 

Society  and  the  indi\'idual,  2.59. 

Sound,  alphabet,  257 ; and  social 
communication,  250. 

Sounds,  physical,  103. 

Space,  137,  170,  188;  auditor}', 
144 ; and  bodily  movement, 
170 ; as  form  of  arrangement, 
143 ; ideal,  243 ; objective, 
169 ; tactual,  137 ; ■V'isual,  148. 

Special  creation  theory  of  lan- 
guage, 248. 

Specialization  of  functions,  19. 

Speech  center,  56. 

Spectrum,  76. 

Spencer,  368. 

Spinal  cord,  27,  36,  40 ; of  frog, 
28 ; functions,  44. 

Stapes,  108. 

Starfish,  nervous  s}'stem,  23. 

Starr,  47. 

Stereoscope,  160. 

Stereoscopic  figures,  160. 

Stimulation,  method  of,  51 ; 
process,  21. 

Stimulus  defined,  20. 

Structural  psychology,  v,  212. 

Striimpell,  43. 

Subjective,  definition  of,  14; 
discrimination,  303. 
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Suggestion,  347. 

Siuniuary,  auditory  sensations, 
116;  Chap.  II,  34;  Chap.  IV, 
72;  on  perception,  181;  of 
^^sual  sensations,  100,  101. 

Summation  tones,  114. 

Syllogism,  290. 

Symmetry,  204,  358. 

Synapse,  38. 

System,  nervous,  23. 

Table  of  Contents,  ix. 

Tactile  cells,  40. 

Tactual,  organs,  125;  perception 
of  the  blind,  140;  space,  137, 
143. 

Tally,  262. 

Taste,  116;  bulbs,  120;  cells, 

120. 

Tastes,  173. 

Telegraphic  language,  371. 

Temperature  spots,  123. 

Tensor  tjunpani,  107. 

Testute,  37,  125,  126. 

Theological  concept,  308. 

Timbre,  104. 

Time,  137,  175;  physiological 

conditions,  177 ; and  rhythm, 
178. 

Tonal  harmony,  209. 

Tone-deafnes.s,  115. 

Tooth,  127. 

Touch  cells,  40;  sensations  of, 

122. 

Trench,  265. 

Tschermak,  52. 


Tympanic  cavity,  107 ; mem- 
brane, 106. 

Unconscious  movements,  187. 

Unicellular  organism,  1.5. 

Unity,  of  objects,  137 ; objective, 
313;  of  self,  311. 

Unpleasant  feelings,  197. 

Utricle,  108. 

Verse,  time  relations,  177. 

Vestibule,  108. 

Visual,  flatness,  161 ; fusion,  164 ; 
fusion,  physiological  conditions, 
167 ; sensations,  75 ; space, 
148 ; space,  physiological  con- 
ditions, 151. 

Vitreous  humor,  87. 
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